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A veling & Porter, L* 

{ RocuesTer, Kent, 

ranch of Agricultural & General Engineers, Ltd.) 

‘AM ROLLERS. ROAD SCARIPIERS. 
CONVERTIBLE TRACTION ENGINES 

AND ROLLERS. 

{ACTION ENGINES. TRACTORS. 

STEAM CULTIVATING MACHINERY. 


arrow & Co., Ltd., 
SHIFSUILDE? AUD RAGINREES, 


SPEEDS UP TO 45 <b MILs AN HOUR. 
PADDLE OR SCREW STREAMERS OF 
BXCEPTIONAL jw Dravent. 


weer] CPSITS on Pacific Coast 


by YARROWS, TIMITED, Victoria, ne, 
SHIPBUILDERS, SHIP yo 4ND ENGINEERS. 


les Limited, 


vd INBERS, I 
WATER Ht Pe SEER MARCRESERE. 


‘catonmrinns, nvaronsoas Pon ab. 
CONDENSERS, AIR HRAT 
Merrill's Patent TWIN 5 BRS‘ for Pump 


Gactions. 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
lass GUNMETAL STREAM FITTINGS. 
ATBR SOFTENING and FILTERING, 5723 


arrow Patent 
ater-Tube Boilers, 
UNDERTAKE = 
PRESSING ont MACHINING of 
‘arrow eg ee such as +o Bream t 


TAREOW & ring nes 





LG, Muni, [, 


CULVER STREET WORKS, COLCHESTER. 
Ow ApmremaLry axp Wak Orrice Lists, 
GINHS for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 
ee Advertisement, pages 33 and 96, last week. 
[ENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
A nery a8 supplied to the 
tot ene eS ene 





J ohn H. Witson& Co.,Ltd 


Birkenhead. 


See Illustrated Advertisement 
Page 141, Feb. 27. . 


Locomotive Shunting Cranes 


Steam and Pisctsio 


Tanes, 
BXOCAVATORS, ORANE-NAVVIBS, 
CONORETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DEOK MACHINERY. 








GRABS, 





6770 
Lasts oF Srawparp S1sms on AppiLicaTion. 





London Office 
16, VICTORIA STRERT, 8.W. 1. 


(aig & Donald, Ltd., Machine 
MAKERS, Jommeroms, near Glasgow. 
For clase of Machine Tools see our wa 
Advertisement every alternate week. 
CHANTIBRS & ATELIERS 


A 2gastin - NJormand 


67, rue de Mea HAVRE 








Destroyers, soar echis ena ue 2? 
and Submersible Boats. 

NORMAND'S Patent Water-tuve Bellon Ocal or O11 
Heating. Diesel Of! Engines. 

lectric Fgh 
(UP TO 3% TONS.) 
8. H. HEYwoop#0co.,trp, 
REDDISH! 


Gteam Hammers 8 {with or 
TOOLS for B ior SHEPHOLLD US 1 & BOLLanMAK URE 


DAVIS 2 PRIMROSE, an ey 


Br’* Patent, jfter 














Hammers, Presser Presses, Furnaces, 
Bere, Dorling & Co., Ltd. | “creat 
BS ed) ORD. 


seo WINDING, BAU SLs LENG, At aS f OOMPHESSING 





ranes.—Electric, Steam, 
BYDRAULIC and HAND, 


CSenes pEUeTaiT iGo. igi 





runes 


W eldiess-St. eel Tubes 
Stata RANA onl 


(Sampbells & Heer, L* 
SPROIALISTS IN 
Drillers & Boring Machinery 


for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 


°¥ achts, Launches or 


Built complete with Steam, PE ng or 
Motors ; or Machinery supplied. 


VOSPER& pgs Lep., Broap STREET, seabaitenan 


MULTITUBULAR AND 
CROSS-TUBE TYPHS. 


See page 17, Feb. 27. Bu nes 
Kilectric Cranes. 


8143 
8. H. HEYWOOD & CO., LTD., 
REDDISH. 


Drop Forgings 


ee BNGINEERING & FORGE CO 
50, Wellington Street, Glasgow. 7808 


Gm P* 


St oc k. 
—— Pinginesring Co. 
Peter sm Lta.), 
Piank Poeamaite cs 
Specification and Workmanship equa! to 
ivi 
R. & W. HAWTHORN, LESLIE & 0O., Lep., 
Byenresrs, NewossTLe-on-Tynx. 8203 


4547 





eam 























Detox nso Femi 


Gtewarts and Love's, L 


1, OSWALD ST., GLASGOW. 
HT CHAMBERS, BIRMINGHAM ; 


BIRMINGHAM WARBHO ne 
SHEEPSOOTE STREET. 
See Advertisement page 28. 8187 


Die ye non nee 


sons| Wee fork for Bi Rear van te ating, machining AND ee 
Mre. Oo., Ltd., Edmonton, London, N. 18, 


CO? re Hy t acteurs 


for Publicand Private Bidgs., Blectric Railways, &c. 
THe BRITISH FIRE APPLIANCES Co., Ltd, 109, Victoria | 
8t., London, 8.W. Te iegrams—‘* Nonacid, London.” 


ocomotive 
(BLEOTRIC). 


8. H. HEYWOOD & CO., LTD., 
REDDISH. 
[the Glasgow Railway 
Nedta, ghankoy. oP 
Lendon Office—13, Victoria Street, 8. w 


MANUFACTURERS. OF 
RAILWAY anes WAGON & TRAMWAY 
& AXLES. 


CARRIAGE &4 WAGON Se also 
OAST-STEEL AXLE BOXES 8337 


Time Recorder, as New, 


guaranteed, latest model. WHAT Fag ped ; 
—A. G. PELLEY, ~— Road, B.O 











'[‘raversers 
8143 











GOLD MEDAL-Invenrions ExxuiBITION-AWARDED. 








COMPANY, LIMITED. 


Worxs: Cambridge and 
New Southgate, London, N. 1. 





K, 2, J. Davis, M.I.Mech.E., 
oh Gren 36 25 years’ Tel. + 
ae ye 





cc 


Tubes and ere. 
The. Scottish ‘Tube Co., Lid, 











Bixzcevators. Dockhan’ s Patent Sus Suspended 
aeaien WEIGHING MACHINES. PERRY 
ROAD ENGINEBRING WORKS COMPANY, Lr. 
FROM 60 TO 60 YARDS PRR HOUR. | Loxpox, R—Hydraulic Cranes, Grain Bl evators, £0 
‘ "See Illus. Advt. last week, page 15. 7977 
D Whitaker, as R ah bas MANUFACTURERS 
” 
1, Ustow Srreer, 
rms Belting 
¢: G pencer- [f opwood Patent 
Sate 2akase: Boilers. GUTTA PERCHA & RUBBER, LIMITED 
W. H SPENCER EE & 00. Brroam, Henrs. Sew. enue pas 
Paten’ 
(em dge ee'8 tent tic Ash Ejector. 
The bri and Pp Great saving of ator No noise. seen. No 
nstrument ory GRUWENT 2 PROCTOR Lev. Naval Acctt: 
I 8104 sesh ant Seseayent, & Ga Billiter Bldgs. Billiter 


8t. 
London, B. Od 4838 
Diese! Driven Generators, 
400-500 Kw., D.O., 500 or 260 Volts, 350 
R.P.M.,.1n excellent condition. FB ge Bn 
Also TWO ea, 
Ne ee Gabann volta), coon 


Armature 
Exhaust TURBINE ge Willans-E.0.0. Ms ae 
440/500 Volts, Vomplete with Pumps, &c. 








ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd. , 
101, LeapENEaL. St 


Londoa Office 
Works: Bom Mitt, newt a 


bargains 


Main ‘ 
° Sand ae Pump 


J 








&c. ic. 


INGS, 
West Walls, Newcastie-en-Tyne. 7969 





ohn ellamy imited, 
J Pos pe ° 
GeweraL OonsTRUCTIONAL Bweiterrs, 1216 


Boilers,Tanks & Mooring B Buoys 


Srms. Peraot T Srexi 
ee etna 


OIMNEYS, 
| Prezs, Hoppers, cranes Worx, Reparms oF 





RAILWAY AND Fah 


urst, elaon & (\o., T td. 
H need es Srock poe Pim 


He ‘WV Tighteon & Co 


LIMITED. 








Bee. Advertisement ; page 95, Feb. 27. 2402 


ieee H Alexander 
Machinery LL 


83-4, CoLEsHILL STREET, BIRMINGHAM, 





Machine Tools. 


Smatt Toor. SprcraL Macuines, ‘ 


Steel (lestings. 


THOMAS SUMMERSON & SONS, Lep,, 


DARLINGTON, 7908 

[ilectric — r['ransporters. 

5. H. HETWOOD £00. I LTD., 8143 

Aitemitinen 
Drilling 
J igs 
Are 60°/, 
] d4ghter and 
Ssave 
n “Labour. 
Sed ea Oe 





Coote 
Po ((\aseels & WW illiameon, 


See balf-page Advertisement page 33, Feb. 20, 


eat 
ps gE 
B+ S.< 
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ASSOCIATION or THE 
ENGINEERING AND ALLIED TRADES. 
(Registered under the Trade Union Act.) 


An Association m apeeny A ag cam Remy after the 
interests of F on t 





Supervisory Coney: 
ll communications to— Head Offices— 
H. W. REID. 81, High Holborn 
Genera! Secretary. London, W.0. 1. 





[2*. O.E. Exams.—Over 300 


ayn mag Correspondence Coaching. ey 
( Spect- 


po le a0. now pared, 
cations and Quantities)” A tew es open.— 
Address, 7434, Offices of BNGINEERING. 





rrespondence Courses for 

net, O.B., 1. Mech. B., all BNGI- 
NBBRING "RKAMS Special Courses and Single 
Subjects. Personal tuition.—For full particulars 
apply to Ma. TREVOR W. PHILLIPS, B. om 
Assoc.M.Inst.0.B., M.R.8.1., ete., 8-10, Trafford 
Obambers, 58, South John Street, Liverpool. 8423 


x Ny] i‘ 

nst. C.E., 1. Mech. E., B.Sc., 
and all ecring ?— aor, —Mr. G, P. 

KNOWLES, Assoc, M. 0.K., F.8.1., 

- R.San.1., PREPARMS GaNbiDatus personally 

corr of successes. 
| te may commence A any time.—39, yous 
St., Westminster, 8.W. 


M.LC.E. and AMIME. 


A. Rovmnge 1 a Postal Courses in Mechanical 


pe tn ft Design and Mathematics.— 
she NING ons: 284, Oxford Road, Manchester, 














TENDERS. 
~~ COUNTY BOROUGH OF WALLASBY. 
WATER WORKS. 
TO STEAM BOULBR MAKERS, 


The Wallasey Corporation invite 
enders for the Su 


di DELIVERY and FITTING of Supply, 


NAOCR RINGS in FURNACES of LANCASHIRE 
BOILERS, at the Pumping Station, Seaview Road 
Wallasey, ‘Cheshire 
Further partioulars may be obtained on applica- 
tion to the Ba agneer, Mr. J. H, CROWTHER, at the 
Gas Works, Limekiln Lane, Wallasey. Sealed 
Tenders, addressed to the undersigned, and endorsed 
* Repairs to Lancashire Boilers,” to be delivered per 
post to my office, as below, not later than the 
morning of the 16th March, 1920. 

Tenders arriving after that time will not be 
considered, 
The Corporation do not bind themselves to accept 
the lowest or ond tender. 











Dated this 25th day of sy at meg 1920. 
By ye 
H. W. COOK, 
Town Hall, Town om 
Wallasey. 977 


[Marcu 5, ‘20. 4 





Clerk of the London ~~ Ouanit. e. 
~BDMONTON URBAN DISTRIOT COUNCIL. ~ 
SYREN FOR SALE. 

The Council have 


Fa Disposal, a Steam Syren 


of Navy pattern, which may be seen at 


Deepham's Farm, Edmonton, on application to the 
Council’s a Mr. CuTHBERT Brown, Town 
ay) Edmon 


for same in sealed envelopes, marked 
* im should reach me by Twelve Selock 1 noon 
nome’ | et _ March. 
not bind themselves to accept the 
highest or yt ‘Otter. 
ly order 
PREDK. W, CLAXTON, 
Clerk. 
Town Hall, Hdmonton, 
2nd March, 1920. 
L ATION, 


PLANT FOR SALE AT PRINORB’S DOCK 
POWER STATION. 


The Trustees I 


I[\enders for the Tesiian of 


disused Plant at Prince’s Dock Power Station 
consisting A a Bellis Double-Acting Compound 
Steam Engine on Bg ontensate coupled toa 
Silverton count Dynamo PAE, 60 K.W, and 250 
volts D.C.; a Mirrlees Watson Single-Acting Com- 
pound Steam Engine with D - of similar type 
and size; also steam and st pipes, etc., and 
seven Marble Panel Switchboards with fit ttings. 
The Purchaser to take down and remove the 
ee when required by the Trustees. 
For part: ae apply to the Mechanical Engineer, 


F 66 











HYDE CORPORATION. 


'['enders are Invited from 


Manufacturers for a 10-ton STREAM ROLLER. 
Tenders, with Specifications, sang earliest date 
for delivery, to be in my hands not later than the 
27th instant, endorsed “Road Roller.” The Cor- 

ration do not bind themselves to accept the 
owest or any Tender, and makers should comply 
with the Council’s Standing’ Order as to rate of 
wages and conditions of labour. 
THOS, BROWNSON, 
Town Clerk. 
Town Hall, Hyde. 
3rd March, 1920. Fur 


THE GREAT INDIAN PBNINSULA RAILWAY 
rope yine TR 
The Directors are 


ft bagi for the Bupply. of the 


following STORES, wney — 


out Ot coae- 
Steel Work for Bridges. 
2 Galvanized Wrooghtiron “Water 
T » ote. 10s. 


a 
Specifications and Forms of Tender ‘may be 
obtained at this Office on payment of the fee for the 
Specification, which payment will not be returned. 
eae fee should accompany any application by 





ig ae must be delivered in separate gate 
sealed and addressed to the undersigned, 


“Tender for Steelwork for Bridges, or, as "as the 


case may be, not later than Eleven o'clock a.m., on 
Tuesday. the 16th March, 1920, 
The Directors do not bind themselves to accept 


the lowest or any Tender. 
R. H. WALPOLB, 
Secretary. 
Company's Of . 




















16, Ro 48° Copthall’ Avenue, 8.0. 2. 
Tenders to be with the undersigned not London, 3rd March, 1920. Fas 
er than ne » eae th Mighest Pn = 
may acce| e est or an 
Tender. ° APPOINTMENTS OPEN. 
ia R. aes, 
General Manager and Secretary. 
, Robertson Street, Glasgow. A Large Firm of Engineers 
ara ‘March. 1920 F16 in the Midlands have an OPENING for a 
rt rv) CH YOUTH of education as premium pupil, the 
Cuhcignioe course to inc on on os ot Sey ice.— 
The lectrtelty Committee of the Manchest 0 SSS 
Corpora are prepared to receive TY OF LINCO: 


[[ienders in connection with 
the construction of their proposed new 
Generating Station at 
Manchester, for :— 
Contract No. 1.—The CONSTRUCTION of a 
NEW ROAD, incl a Road and Railway 
Bridge over the Bridgewater Canal, a Canal 
Dock, foundation work and other works, 
Cowrract No. 2.—STEELWORK for Road and 
Railway Bridge over the Bridgewater Canal. 
Specifications, —— and forms of Tender may 
be obtained on application to Mr. F, BH. Huenxs, 
sreers. El ty De ment, 


Barton-upon-Irwell, near 





“TO LAUNDRY ENGINEERS AND OTHERS, 


The METROPOLITAN A ASYLUMS BOARD 
invite separate 


[lenders for Providin 


and 

FIXING TWO WASHING MACHINES, 
one in each Laundry at 

(a) asf Bec noe ee Tooting Bec 
a W. 17. 
(b) North Western fospital, Lawn Road, Hamp- 

stead, N.W 3, 

in accordance with drawings and s 
_— by Mr. T. Cooprr, M.Inst.C.B., M.I.Mech.B., 

ngineer-in-Ohief. The drawings, specification and 
form of tender may be inspected at the Office of the 
Board, Embankment, B.C. 4, on and after Ten a.m. 
= Friday, Sth March, 920, and the drawin 

ification and form of tender can then 
tained upon payment of a deposit of 21. The 
amount of the deposit will be revurned only after 
the receipt of a bona-fide tender sent in accordance 
with the instructions on the form of tender, and 
after the specification and the drawings have been 
returned. Tenders addressed as noted on the form 
must be delivered at the Office of the Board not 
a than 2.30 p.m. on Wednesday, 17th March, 


(By Order) DUNCOMBE MANN, 
Clerk to the Board. 
16 


fication pre- 





MBTROPOLITAN WATBK BOARD. 


TENDER FOR LAYING MAINS FROM OC! 
PENTBRS RUAD, POPLAR, TO BECKET) 
ROAD, HAST HAM. 


The Metropolitan Wa' Water Board invite 


F['enders for Lay ying 36 in., 


30 in.,and 241n, 0.1, MAINS Carpenters 
Rvad, in the Borough of Poplar, to Beckton Road, 
in the Borough of Kast Ham. 

Tenders must be mae on official forms, es 
may be obtained at the Offices of the oan. — 
Bngineer’s Department, South Place, Fi 
Pavement, E.C. 2. on and after Sone. lst March, 


—_ aot on receipt of a 
Gpenes telet cavelene, 

Tiheadere, enclosed in sealed envelopes, 
to “The Clerk of the Board, Metropolitan W; 
men yes South Place, Fi Neng a B.C, 2,” 
and endorsed “Tenders for ying ns, Poplar 
the the Bard nat later nea Sera the Gane 

ter than Eleven a.m,, on Mo: 

15th March, 
The Board to ‘not 
lowest or any eae § 


einen 





bind themselves to accept the 
A. B, PILLING, 


RO.4 Chests of the Board. 








: nt of depos oe Hall, 
, on paymen it of 2s. Od., 
wale amount wili be refunded on receipt of # bona 
fide tender, 
one oy fs be seen at the offices - Messrs 

8. ALLOTT Civil Engineers, 46, Brown 
Stresh. Manchester, "es and after Wedn y, the 
10th instant. 

Tenders, dul f endorsed and addressed to the 
Chairman of the Blectricity Committee, must be 
delivered at the Town Hall not later than Twelve 
noon on WEDNESDAY, the 24th instant. 

by firm entrusted with oy ae will be required 

to enter into a contract to be prepared by the 

undersigned. 

The Corporation domot bind themselves to accept 
the lowest or any tender. 

THOMAS HUDSON, 


Town Clerk. 
Town Hall, 
Manchester. 
4th March, 1920. F 46 
or OF BIRMINGHAM ATER 
DEPARTMENT. 


COVERED SERVICE RESERVOIR AT 
HIGHTER’S HEATH, YARDLEY WOOD 


The WATER COMMITTEE of the CPE ORATION 
OF BIRMINGHAM are prepared to receive 


enders from Competent 

perens willing to enter into a contract for 

the COMPLETION ot the COVBRED RESBKVOIR 

and CONNECTIONS at Highter's Heath, Yardley 
Wiged, Si the Sty ot Birmingham. 

The Draw may be seen and Specifications and 
Bills of Quantities omained at these offices on and 
after Weanesday, 3rd March next, on the deposit of 
the as of Re Pang will be returned after the 
rece bona fide Tender with the Bills of 
Suemehiee fully sony be out, Bit many ) ant be a 
upoa the Drawings, and Estimates 
provided. Pereous wevtering. wil will = a. to 
quote for s quantity lready on the 


Pair at miter Wate 
The site at Highter’s Heath may be inspected at 
any time by 
y 
only a lim! number of Specifications wil os 
»and none M , 16th 1920. 
The Contractor be to undertake not 


Sealed Tenders addressed to and 

“Tender for the Com ter’s Heath 

before phen sok ‘March, 1920 "The | pe Sao 

. . e 

Cepaeision dee Gab bOUk Caoameioes tb e 
lowest or any Tender. 

. B. ANTONY LEEs, 
Syn ouse, Secretary. 
February 25th, 1 D 963 


MUNICIPAL TECHNIOAL NSCHOOL. 
A, E. CoLxis, M.1.M.B.—Principal. 


A Pplications are invited for 
e POST of ASSISTANT LECTURER in 
the Mechanical Bugineering Department. 
Candidates will be required to take day and 
evening classes. University degree or equivalent 
ualification. Works’ experience and Laboratory 


ractice essential. 

Commencing Salary £275-£325 according to ex- 

rience and qualifications rising by annual 

nerements of £12 10s. to £400. 

Form of oe and further particulars may 
be obtained from the PRINCIPAL to whom applica- 
tions should be returned not later than March 20th., 
1920, D 146 





CORPORATION OF CALCUTTA. 


APPOINTMENT OF LIGHTING 
SUPERINTENDENT. 


pplications a are Invited for 
POST of LIGHTING SUPERIN- 
TENDENT, Calcutta. The salary of the appoint- 
ment, inclusive of all allowances, is Rs. 750 risin 
to Rs, 1000 per month by biennial increments o 
Rs, 50. The ration provide a motor car for 
the use of the hting Superintendent and his 
staff, free of charge, for inspection work. 
Theappointment is subject to the Provident Fund, 
leave and other service rules of the Corporation, 
and may be terminated at pang eee by six months’ 
notice on elther side. Th vident Fund con- 
tribution is 6} per cent, of the monthly salary and 


*} an equivalent amount is contributed by the Cor- 


ration, and the fund accumulates at compound 
mterest. The select candidate wil! be uired to 
devote his whole time to the duties of his office, and 
will not be allowed to take i “roe outside work. 
He must reside in Calcutta. He will be liable to 
removal during the term of his office for misconduct, 
or t of, or incap for his duties. He will 
be required to submit to a medical examination 
before joining his noguine ment. The Corporation 
will pay his (first elass) from London to 
—— but he must refund the amount so paid if 
ves notice within two years from the te of 

ng up his appointment. He will ber i 








et be 


D °7 





2 . " Seg _ENGINEERING. 
e Manchester Steam Users’ LONDON OOUNTY COUNCIL, es (GOVERNMENT, Avaeees Master 
ASSOCIA’ : s HE BNT-GENBRAL FOR QUEENSLAND for Works School. 1 
ie ra Solr Rept na |" TTendersare Invited for Supply |" ** ; fae epeg Og 
by P mocig ®% Memes f ; - tre sAEe AGONS, Two TRAILERS, 10 MOTOR lenders “for 114 Tons £300, aceording to qualifications Replies bu 
Chief Gngineer: C. H, MBYRER, M.1.0.B. and Seven STEAM WAGONS, for une a awe one opams. a, aciewy received by March 12th.—Address, THE SUWER! V- 
Founded :854 Wiis F. se ths Ooousirs ways. Particulars and forms of —_ is red in J TBNDENT, Royal Aircraft Establishment —e 
Certificates of Safety issued under the Factory and | of Tender may Sar Sees Tenders w roe at the me ony “of the Farnborough. 
ee 1901. Com for of 21s, to the Cashier of the i, from the AGENEGENERAL FOR QUEENSLAND, 409/110, WOULWICH POLYTECHNIC. 
and ‘ies paid ee Explosions. Hngines | Clerk of the Council, pce Hall, Spring Gardens, meer 5 = W.C. 2, until noon on the 22nd 
and Bollers inspected d 8443|S.W.1. No Tender received at the Oouney Hall of March, 1 ENGINEERING DI ‘@ DEPARTMENT. 
PO a9 1 F ; —_ | Eleven a.m. on Tuesday, 23rd March, 1920, panties, Schedule of ae nang ay fen 
he ationz oremen’s considered. ens pag Omlce of the 


Wee. Teacher of ene. 


ape reeen Nae dg ' £275, | by —_ 
toa — 1 


of SSE STANT LECTURER IN BLEOTR: 
pct wg seagate TRecogyenn 7 ealary £2054: 
to previous ex ence. rising | 
annual increments cadena to L.0.0. scaler’ to : 
maximum of 
For further parsiosiies: apply PRINOIPAL. 


THE ROYAL TECHNICAL COLLEGE, 
GLASGOW 





Fe 





DEPARTMENT OF METALLURGY. 


The Governors invite 


AP plications for the Pro- 
ESSORSHIP OF METALLURGY, vacant 
oy So ea transfer of Dr. C. H. Desch to the University 

of Sheffield. 
ey ae be sent not later than March 
20th, to the DIRECTOR, The Royal Technical 
Tae. Sew, to whom inquiries should be 
D 858 


GUILDFORD JUNIOR TECHNICAL SCHOOL. 
wo Assistant Masters Re- 


QUIRED Ist April next. One to Teach 

an ge! ing Subjects, principally Machine Drawing 
and Applied Mecaanics. Works and Drawing Office 
experience essential—degree in Engineering desira- 
ble. One with Works experience to Teach Werkshop 
Practice and Metal Work. 
Hither may be required to teach part time (not 
more than three evenings weekly) in the Technical 
Institute Evening Engineering; Courses. Extra 
pagans for time exceeding 10 Sessions. Scale 
ry, Graduates minimum £220, maximum £400, 
Non-Graduates minimum £185, maximum £300. 





Allowance up to 10 years for past experience. 
Applications, stating age, qualifications and 
wor and eres experience, with copies 


testimonials, to 
8. TOSSWILL, 
Technical Institute, Clerk to the Gov ernors. 
Guildford. 
28th February, 1920. 


LONDON oounTr COUNCIL, 


[There are Vacancies for the 


following WHOLE-TIME POSITIONS at the 
C. Wace fo Technical Institute, Saltram 


» We: 
ra) ‘SIMIONSTRATOR IN MECHANICAL 


NGINEERING. 
(2) DEMONSTRATOR IN ELECTRICAL 
ENGINEERING. 

Candidates should possess a good honours 
University degree or its equivalent, but the quali- 
fication will not be insisted upon im the case of candi- 
dates otherwise exceptionally qualified. Practical 
experience in addition to scientific qualifications 
is essential. Commencing salary £225 to £315 a 
year, according to qualifications and experience, 
rising to £330 by yearly increments of £15, thence 
by yearly increments of 210 to £440 a year. 

Preference will be given to candidates who have 
served or attempted to serve with the Forces of 
the Crown, 

lication forms may be obtained from the 
BDOUATION OFFICER (7.1), Education Offices, 
Victories Embankment, W.C.2 (stamped addressed 
foolscap envelope necessary). Form must be returned 
by 11 a.m,, on 15th March, 1920, Canvassing 


disqualifies. 
JAMES BIRD, 
Clerk of the London,County Can 


D 852 





~~ CITY OF MANCHESTER. 
CLERK OF WORKS. 
The Electricity Coes of the Manchester 


rporation 
Req quire the Services of an 
EXPERIENCED CLERK of WORKS for 
the construction of their proposed New Generating 
Station at Barton, near Manchester. 

Candidates should be experienced in heavy works 
of construction. 

Applications, stating age, experience and salary 
required, accompanied by references, to be addressed 
tothe CHAIKMAN OF THE ELECTRICITY 
COMMITTEE, Town Hall, Manchester, endorsed 
* Clerk of Works,” and delivered not later than the 


20th March, 1920 
THOMAS HUDSON. 


Town Clerk. 
Town Hall, Manchester, . 
28th February, 1920. F2 


W aated Immediately,a First- 


CLASS MAN "'Bogfnee Colliery con- 





ati 





cake up his appointment about the lst August, 1920, 
and will yeosive | half pay for the periei occupied by 
his journey. 

(b) There are about 12,000 incandescent of of 
in the city, besides a number of electric a 
lights. Gas and electricity are supplied by 
companies. The Lighting De ment o the 
Corporation are responsible for the maintenance of 
the Ly street lamps, and also of about 230 lights 

#00 electric fans in un! Buildings. 
Lomdeietes must have experience of the Ma 
ment and control of the Lighting Department 

town. have ay 


will be received by 
Suge = rece 


te the Corporation. 


28th January, 1920, = ‘D8i7 





. 


to REPRESENT neering Fim in 
Wales. Commencing salary 2500 per annum snd 
expenses. To the right man excellent prospec 
Address, stating age, experience, references, ‘ 
F 29, Offices of ENGINEERING. 


Wetice Commercial 


MANAGER for Gun Metal Steam Fitts: 
and Engineering rtment. Preference giv: ) 
one with Public’ Sehel education and En freer ix ag 
connection. Salary £600.—S. DIXON & SON ' 
Swinegate, Leeds. 


=| Tne Edison Swan Electric Uo., 
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toa suitable Applicants ™ 
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file Company at 123/125, Queen Victoria St 
which will be in 
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The Construction of Graphical Charts. By Joun B. 
Psppte, Professor of Machine Design, Ro:e Poly- 
technic Institute. ‘Second edition, revised and 
enlarged. New York: McGraw-Hill Book Company. 
Inc.;, London: Hill Publishing Company, Limited. 
[Price 10s. net.] 

Tus is a very useful book, clear in its methods and 

suggestive in its scope. That it has passed into 

a second edition is rather a matter for congratulation 

than surprise, for this increased circulation implies 

an increased interest on the part of the public in 
the employment of processes that give with the 
least trouble the fullest information in the most 
instructive manner. This widened attention is well 
illustrated by the introduction of.a problem that 
was suggested by a maker of blue prints, who applied 
to be furnished with a diagram for caleulating the 
areas of his prints as a guide for fixing his charges. 


The problem is, of course, quite simple and intended* 


only to illustrate elementary principles, but the 
demand for such a diagram is instructive, mainly 
on two grounds. Such a request demonstrates that 
the public is growing aware that mathematical 
science can be of assistance in the conduct of 
ordinary business, and secondly it suggests that it 
is not easy to find those who are sufficiently familiar 
with the general principles underlying graphical 
construction, and who can also adapt and apply the 
method to purposes outside their ordinary experience, 
Many, no doubt, can exhibit graphically the conse- 
quences arising from the substitution of a succession 
of numerical values in the variables in a particular 
equation. The process has become mechanical from 
frequent repetition, but faced with a new type of 
problem, the limited experience at command is 
found inadequate. Complete mastery of the 
theoretical basis on which the various devices are 
built is necessary to educe the full benefits of a 
process so well calculated to lighten the heavy 
arithmetical computations, with which the physicist 
and the engineer are so often faced. A graphical 
method invented, it may be, to cope with a particular 
problem appeals to a student by the ingenuity with 
which it avoids calculation, or the skill with which 
it interprets a formula. The scheme becomes 
generally recognised as applicable in one direction, 
and though the device might be of equal value in 
some other direction, the necessary modifications 
are impossible for want of the knowledge of the 
general principles on which the scheme is based. 
It is precisely to make clear the mathematical 
treatment involved, to ensure systematic study of 
the whole process, and to display the elasticity of the 
method in many directions, that Professor Peddle has 
designed this work. The variety of application is 
illustrated by fully worked problems, which the 
author rightly maintains will afford a clearer insight 
into the methods, and more effectively remove the 
difficulties that have to be encountered, than is 
possible by the exhibition of a purely theoretical 
analysis. 

The first two chapters are devoted mainly to the 
description of methods of plotting on sectional 
paper, equally divided, or adapted to a logarithmic 
scale. The simplicity of rectangular co-ordinates 
and the advantages of employing parallel co- 
ordinates are treated in sufficient detail, and some 
simple problems are worked out to illustrate the 
general method of treatment in practice. The 
choice of a modulus suitable to the problem under 
consideration is a matter of great practical import- 
ance, and the student’s attention is directed to the 
management of the “‘ support ”’ of the points of inter- 
section whether rectilinear or curved. While fully 
appreciating the value of the worked out problems 
in detail one would have welcomed a larger number 
of examples for practice, in order that students 
might acquire the necessary facility of construction. 
Though warnings are given to avoid ill-conditioned 
figures, nothing is said of the possibilities of absolute 
failure. But just as in the method of the solution 
of equations by the method of approximation it is 
possible under well-known circumstances to approach 
the value of the unknown without attaining an 
accurate solution, so problems might arise which 
fail to be represented by a graphical construction. 
It is not a very profitable exercise to seek for failures, 





the more readily admitted as our amateurish 
attempts have not been successful, but one would 
like to know in what forms a failure would declare 
itself. 

A chapter on the construction of diagrams 
involving more than three variables, shows a great 
increase in complication, and though practical rules 
are considered for the avoidance of errors, the 
necessity of very considerable practice is to be 
inferred in order to acquire the necessary familiarity 
in obtaining and interpreting the results. The 
treatment of an equation containing four variables 
is effected by dividing the process into two steps, 
and this is probably the form that would recommend 
itself to the less expert, but the device of the 
hexagonal chart, which cannot be said to increase 
the confusion, if a transparent hexagonal index is 
used, simplifies the construction and as a rule lends 
itself to the more convenient handling of problems 
involving a large number of variables. The author 
gives an example founded on the fundamental 
optical equation worked out by two methods, but so 


simple “an expression as 1 += + does not do 
+ u v 


justice to the ingenuity of the method. While 
acknowledging the advantages of the hexagonal 
chart and admitting that occasionally it may offer 
the only means of handling particular problems 
with any approach to simplicity, he utters a word of 
warning. His experience has taught him that it is 
easier to ‘“‘fudge’’ or force the index to give the 
desired result, than with most of the other methods. 
This remark raises a question which we should have 
liked to have seen fully discussed; the amount of 
error or the degree of accuracy that is to be expected 
in graphical construction. The error, of course, 
depends on many variables and might itself be made 
the subject of a problem to illustrate a subsequent 
section on “ Empirical Equations.” In the absence 
of more precise information, an example founded 
on a formula for computing the resistance of earth 
to compression, useful in calculations connected 
with strength of foundations, seemed suitable for 
deriving the value in a particular case. Unfortun- 
ately the variables chosen for the illustration were 
such that the exact answer could be determined 
at sight. Using other values it was found that the 
percentage of error amounted to about 1} per cent. ; 
an expert would probably be within 1 per cent., but it 
may be doubted if greater accuracy is generally 
attainable. The author rightly insists on the 
importance of accuracy, but he makes no attempt 
to define an ‘‘ unsatisfactory result.” 

In the chapter on “ Empirical Equations” the 
aim of the author is to derive from the plotted 
diagram which represents observed facts, an alge- 
braical expression or a continuous curve that will 
reproduce the disconnected data. It is im fact the 
reverse process to that hitherto employed. It 
would be too much to say that he endeavours to find 
a law which will connect the observed data, for the 
selected curve may have no physical relation to the 
data, but simply offers a means for calculating results 
of the same general character as the observations. 
The plan is really nothing more than an attempt 
to draw by eye estimation a continuous curve 
among the observations and to assume its character. 
Professor Peddle seems to regard this plan as an 
efficient substitute for the method of least squares. 
In a sense, the curve so drawn takes the place of a 
normal equation, and furnishes a criterion for the 
rejection of discordant observations, but as we, 
think, very imperfectly. All observations are 
treated as of equal weight, and it is recommended 
that the curve be drawn through the regions of 
greatest density. The author is aware of the 
limitations of his;method, for he warns us against 
the danger of extrapolation. The author is too 
deeply enamoured of the machinery that he describes 
so well and handles so deftly. His condemnation of 
a method that has met with such unanimous 
approval is far too sweeping. It is deseribed as 
“tedious and laborious in the extreme, even under 
the most favourable circumstances, while for certain 
forms of equations the difficulties of the method are 
so great that it can hardly be considered as practic- 
able.” It would have been more just to have said 
that however operose and wearisome the method 





may prove, no other is known that i¢ generally, 











applicable and gives results of equal accuracy. It 
is false economy to spend much time and thought 
in the collection of data and to stint or grudge 
the time required to discuss the material in the most 
thorough manner. We admit very heartily the 
success that has attended the selection of the form 
of expression to fit the selected observations 
operated upon, and we have nothing but admiration 
for the skill and ingenuity with which the analysis 
has been effected. 

The master hand is also shown in describing the 
construction of three-dimensional charts, an ex- 
tension of the elementary scheme which permits the 
representation of two variables and a function, with 
continuous variation for all three. It is an exten- 
sion, it is contended, which has thrown much light 
upon obscure phenomena owing to the facility with 
which it is possible to detect the maximum and 
minimum conditions and rates of change among 
variables whose relation is complex or unknown. 
Doubtless both the construction of ‘the model and 
the interpretation of the results demand very con- 
siderable experience, and we imagine that few who 
are expert in the use of the two-dimensional chart 
have penetrated far into this more complicated 
study. Of course, there is a form of chart, of which 
the, synoptic weather map is a good example, in 
which contour lines are made to convey a good idea 
of the undulating surface they represent. The idea 
is capable of considerable extension, but the author 
describes skeleton and solid models which are far 
more instructive than the inferences from the study 
of contour lines can possibly be. The examples 
given are of such a fascinating character that one 
might easily be tempted to embark on this species 
of investigation. The solid models may 
some advantages by reason of the continuity of 
surface, but the axonometric projections are more 
inviting by their constructive ingenuity, An 
example is given of a solid model to show from data 
derived from a gas engine, the relation between the 
heat units per hour per brake horse-power, the 
compression pressure in atmospheres and the volume 
of mixed gas and air per 1,000 heat units of lower 
heating value. This is a sufficiently intricate 
problem to treat as a whole by charting, and the 
interpretation of the features.and deductions from 
the model seem positively uncanny. The model 
has, indeed, justified its construction. 

After the skilful haridling of such complicated 
quantities the final chapter on the use of deter- 
minants comes almost as an anticlimax. The aim 
is to make the notation of determinants available 
to those who are unfamiliar with the device, a plan 
of doubtful utility and one that is generally un- 
satisfactory. Any of the examples could, we 
imagine, be worked by processes previously ex- 
plained, and the points that appeal to the mathe- 
matician would probably be overlooked by those 
who are working without sufficient mastery over 
the tools they are employing. There is no very 
great demand on the purely mathematical principles, 
and the author is no doubt, justified in claiming, 
that any one possessing the mathematical knowledge 
which an engineer should possess, can understand 
and apply the process with but little difficulty, 
But little advantage accrues. in substituting a 
method that is imperfectly understood for the 
simpler geometry that is readily apprehended from 
its more familiar notation. 

The process of charting has before it a field of 
great usefulness, its capacities have not yet been 
fully realised and the literature available is scanty. 
Professor Peddle has rendered a very great service 
in pointing out the elasticity of the method, the 
various directions in which it can be utilised, and 
its value for facilitating investigation, 


Aeroplane Structures. By A, J, Surron Preranp, 
M.B.E., M.8c., and Captain J. Lawrence Parrouarp, 
late R.A.F. London: Longmans, Green and Co. 
[Price 21s. net.) 


THE volume under review is one of one of the most 
valuable aeronautical text books that has so far 
appeared, and only readers who are familiar with 
the enormous mass of undigested information on 
aeronautical subjects now available can realise the 
problem of selection with which the authors have 
had to deal. Still fewer will be able to appreciate 
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the high qnailier of the selective judgment which 
has been brought to bear throughout, and which 
gives the book a really exceptional value. The 
aerodynamical phenomena which account for the 
external forces on an aeroplane in flight, are only 
touched on, but sufficiently so to enable the student 
to refer to specialist work on this extensive subject. 

The diagrams, Figs. 1 and 2, given by the authors, 
may seem simple and obvious to the aero- 
dynamical expert, but they are in welcome con- 
trast with the absurd fictions found in so many 
text books of aeronautics, in fact they do represent 
with reasonable descriptive accuracy two types 
of flow with which we are familiar, steady flow of 
a stream between channel boundaries, and steady 
flow of a free stream of indefinite extent past a fixed 
object of relatively small dimensions. 

The main features in the construction of an 
aeroplane are described, by the aid of an admirable 
series of photographs and diagrams, in Chapters III 
and IV, while Chapters V and VI deal not less 
adequately with the principle mancuvres and 
their effect in throwing stresses on the frame 
structure. Appendix III gives a judicious selection 
of the best experimental aerofoils and enables the 
designer to choose a suitable wing form for each 
special type of aeroplane. The chapters on de- 
tailed design are full of the very best matter, 
the fruit of long years of experience, while the 
chapter on testing is an, adequate introduction 
to this important branch a work. 

An exception to the standard of clearness must be 
marked in Section 39, Chapter VI, dealing with the 
load on the tail in a nose dive. The symbols are 
mostly novel and inappropriate. At least twice 
as many symbols are introduced as need be, the 
choice of variables seems lacking in directness and 
simplicity, and simplifications are introduced at the 
end which seem to the reviewer to be suggested at 
the beginning by general physical principles. 
Altogether the section could be rewritten in much 
better form, and should be recast, the results being 
such as are continually required by the designer. 
Chapters VII to X (Section 89), on the strength of 
materials, are saved from banality by interesting 
examples drawn from aeroplane practice, the dia- 
grams being notably good. 

From Section 90, Chapter X, onwards the student 
is introduced to recent developments in the theory 
of structures, further examples on struts being given 
in Chapter XVIII, Section 155 to 174. Euler’s (*) 
theory of long struts, under simple end loading, 
Clerk Maxwell’s (*) principle of the superposability 
of systems of loading, and Castigliano’s (°) principle 
of least work, together with Clapeyron’s (*) theorem 
of three moments, are the foundation on which the 
enormous literature of stresses in framed structures 
has grown up. In 1880 Manderla (5) considered 
the case of a beam with distributed load, end thrust 
and end-fixing moments, and thus obtained a linear 
differential equation with constant coefficients in 
place of the usual equation with separable variables. 
Had Manderla applied Clapeyron’s device of equating 
the slopes of adjacent bays of a continuous beam at 
the nodes, he would have at once obtained an 
important generalisation of Clapeyron’s theorem. It 
may be noted that the solution of Euler’s equation 
for long struts gives the general integral of Manderla’s 
equation. Unaware of Manderla’s work, Perry (°) 
has given an approximate and Morley (’) an exact 
solution of a less general case of Manderla’s problem, 
the fixing moments at the ends of the beam being 
considered zero. 

The problem of the continuous beam with com- 
bined end thrust and side loading occurs in aeroplane 
design, and was raised in the Royal Aeronautical 
Society (*) and a method of ap»rdximate solution 





1 Euler, “Sur la Force des Colonnes,” 
t’ Acad. de Berlin, 1759. 
® Clerk Maxwell, Phil. Mag., 1864. 
3 hare = Equilibrium of an Elastic System,” 
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was given, depending on the’ assumption that the 
points of inflection did not shift with increasing end 

thrust from the position with end loading zero. 
A ree solution was obtained by Booth and 
Bolas (*) by the combination of Manderla’s 
method and Clapeyron’s method on certain simpli- 
fying assumptions, and was put in a form suit- 
able for design-room calculation by Berry (#°), who 
introduced three trigonometrical functions, which 
he tabulated, thus reducing the computation 
of examples to manageable dimensions. Berry also 
made extensive improvements in the notation 
and in the form of the solution. Two out of the 
three functions are not new, and are to be found 
in Mueller-Breslau’s text books prior to 1914, but 
the third is introduced by the combining of Man- 
derla’s and. Clapeyron’s methods. However, as 
Berry was the first to introduce all three into design- 
room practice by his tabulation, and as he actually 
derived the third in the course of his transforming 
the solution of Booth and Bolas into manageable 
form, they are appropriately known—at least by 
English writers—as ‘“‘ Berry” functions. 

Cowley and Levy (!) have collected most of the 
results in their paper, and L. N. G. Filon (#) has 
given his own form of discussion in reference to a 
comparison of results with those obtained by stress- 
optical methods in Professor Coker’s laboratory 
at University College, London. Most of the papers 
referred to antedate the claim of recent corre- 
spondents in Enorverrimne to priority in the 
solution of the case where the points of support 
do not remain collinear. Manderla’s results have 
lain almost unnoticed for a generation, probably 
because his assumptions invalidate Clerk Maxwell’s 
linear relations, replacing them by transcendental 
relations which do not lend themselves to elimina- 
tion in the same simple way. 

In Castigliano’s method of least work, the simple 
quadratic relations between strain and strain energy 
are replaced by transcendental relations of a highly 
intractable form. 

The mathematical difficulties of the extended 





Theorem of Three Moments are trivial, from the 
point of view of the professional mathematical | 
physicist, but the assumptions made are so shaky 
that probably no physicist would have thought of 
making them. 

With regard to the assumption that the nodes | 
are collinear, or at least fixed, in a number of | 
observed cases the node nearest the point of support | 
had the largest departure from collinearity, and this 
departure decreased with increasing load, a result | 
that could not be predicted without going further 
into the deformation of all parts of the frame other | 
than the bending of the main spars which alone 
have been censidered hitherto. 

This interesting chapter of the history of the | 
theory of structures may be concluded with a | 
reference to the recently-published German Con- | 
fidential Technical Reports (1%), in which the | 
subject has been written up in a masterly fashion | 
by Mueller - Breslau, and includes a table of | 
values of “ Berry” functions. A reference to the 
introduction of the ‘ Berry” functions in this 
author’s “‘ Graphische Statik ” is given, which must 
refer to a more recent edition than the reviewer has 
been able to consult. Generally speaking, the same 
ground is covered as in the corresponding English 
confidential publications, but with an apparent 
time lag of from one to two years, a most satis- 
factory state of affairs from the British point of view. 
No reference is made to confidential English 
publications by the various German authorities. 

The introduction of Berry’s methods into British 
practice was very largely due to the enthusiasm of 
the joint authors of the book under review, and in 
the latter part of Chapter X, as already stated, the 
student will find an adequate presentation of Berry’s 
work, while the Berry functions are tabulated in 
Appendix I. Further original work by Berry, 
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Webb (#*), Southwell (15) and others will be found 
in the discussion of strut design in Chapter XVIII. 

The whole treatment of the detail design of an 
aeroplane is of the most invaluable kind from the 
point of the routine designer as well as of the re- 
search student. Chapter XXII gives a sound 
introduction to ’s principle of least 
work. The authors should, however, at least refer 
to Martin (**), Hiroi (#7) and Church (1°), as well as 
to the translation of Castigliano’s text book which 
appears with E. 8. Andrews’ (1°) name on the cover, 
evidently by inadvertence. Their statement that 
no English writers have made the method available 
is not justified by the facts. Appendices I and III 
have already been referred to. Appendix II gives 
a selection of material specifications, in which those 
familiar with the subject will recognise the admirable 
judgment with which the selection has been made, 
an apparently easy but in reality a very difficult 
matter. 

The mechanical production of the book is excellent, 
the only mistake which has come to the reviewer's 
knowledge is the failure of the square root sign on 
page 218 to extend over the whole expression. 

The authors have made a welcome effort to write 
in a good English style, and have avoided the offen- 
sive slovenliness which handicaps so many engineer- 
ing writers. In conclusion, we offer our apprecia- 
tion of a book marked by the competence and the 
conscientiousness of its authors. 





Diesel Engine Deswgn. By H. F. P. 


ngt . Purpay, B.Sc., 
A ~, G.I, London : Constable and Co. 


[Price 21s. 3d. 


net.) 

Now that the sale and distribution of oil fuel has 
been organised in every quarter of the world, and 
the price in many centres compares very favourably 
with that for coal, the Diesel oil engine is coming 
rapidly into its own. The opinion, quite generally 
held, is that this favourable ratio of price is neither 
a temporary nor a transitory state, but that, if 
anything, may well move in the direction of favour- 
ing more strongly the claims of liquid fuel as an 
economical source of power. 

One disadvantage from which every innovation 
must inevitably suffer is misunderstanding and lack 


| of knowledge of the new first principles involved. 


Those who have pioneered the Diesel oil engine 
will agree as to the difficulties met with being 


| generally the outcome of insufficient knowledge. 


There is no royal road to the desired position of 
establishing that full confidence which only comes 
from actual experience in commercially successful 


| application. Good text books undoubtedly lessen 


the necessary experimental period, making short cuts 
possible, and assisting to obviate the failures which 


| have such a disastrous effect in retarding progress 


| of application with any new machine. 
The literature on the subject of Diesel engines 
up to date, with one, or perhaps two exceptions, 
has not been of such a nature as to give a really 
comprehensive insight into the many problems con- 
| cerned with this prime mover. The large number of 
intricate questions may be indeed one of the reasons 
why this engine commands so many enthusiastic 
students and advocates. They will do well to study 
the work under review which forms a contribution 
of merit to the small number of good books on this 
subject. It cannot be said that this volume, com- 
prehensive although it may be in comparison with 
some of the earlier efforts, really covers more than a 
fraction of what is undoubtedly a vast field. To 
some extent the scope is limited by the definition 
given of the Diesel cycle on page 2, where injection 
of the fuel into the cylinder by a blast of compressed 
air is stated as one of the essential features. During 
the war period, when this book was prepared, it was 
not possible to deal with the alternative method of 
injection by pressure alone, which was almost 
exclusively used by the British Navy, but it is not 
agreed that so-called “solid injection” engines are 
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ruled out of classification with the normal design 
engines. Much can be said for and against each 
method, and only experience with all types of oil 
fuel can give the final decision. Both systems will 
be developed considerably within the next few years. 

Another controversial point is the relative merits 
of the two cycles, the four-stroke and the two-stroke. 
The honours up to the present have laid with the 
earlier, more highly developed and conservative 
four-stroke cycle. Progress has been made with 
the two-stroke cycle within recent years, and since 
the termination of the war a very considerable 
amount of intensive experimental work lies to the 
credit of British designers and constructors, which, 
it is hoped, will be brought to fruition at an early 
date, and will be duly recorded. In Mr. Purday’s 
book, as is only natural, the four-stroke cycle is 
dealt with in much greater detail than the two cycle, 
and the author is happier in the sphere of design of 
relatively small-powered four-cycle engines than 
with large engines or two-cycle engines. In this last 
connection certain statements made are hardly 
correct. The reason for the higher compression 
pressures (page 3) necessary with two-cycle engines 
is the loss of volumetric efficiency at reduced speeds 
due to scavenging air passing out through the 
exhaust ports. To counteract this, in order to 
give a sufficient compression pressure at reduced 
speeds, a small compression space must be designed 
for, resulting in high compressions at full speed. 
This point was fully dealt with in ENervzertne, 
June 28, 1918, pages 727 and 728. Again, such 
improvements have been made in scavenging 
efficiency that, with the latest designs, the ratio of 
scavenging pump to cylinder volume is now generally 
less than the 1-8, quoted on page 10, in the best 
examples reduced below the 1-4 of earlier practice. 
Two-cycle engines have also been improved in 
respect that they do not now require the large 
increase of compressor capacity at one time desirable 
for the injection of the much larger quantities of fuel 
consumed per brake horse-power hour (Chapter XII, 
page 245). 

The best sections of the book are those in which 
mathematical expressions are evolved to equate 
conditions set down in a large number of cases with 
most commendable clarity and completeness. More 
particularly we would refer in this connection to 
Chapter III. Thermal Efficiency ; Chapter IV. The 
Principle of Similitude; Chapter VI. Flywheels. 





In Chapter IV a considerable amount of valuable | 
data and reference tables are given. 

No type of mechanism, machine or engine | 
demands more intensive thought in theory and in its | 
design, and more scrupulous regard to practical 
considerations than the Diesel engine. This book 
is more satisfactory when dealing with the former 
aspect than in regard to the many practical issues 
of equal importance. We are in full accord with 
the view that steam-engine practice and precedent 
should only be followed by Diesel designers when 
it is certain that a parallel case arises, but needless 
to remark, successful steam-engine practice should 
always be carefully studied, although not necessarily 
followed, for Diesel work. 

At the present time the greatest interest no doubt 
centres in the application of the Diesel engine to 
various types of merchant craft, and exception 
may be taken to the attitude of the author that it is 
quite simple to convert a satisfactory land type of 
Diesel engine to marine propulsion. It is probably 
the case that many of the most successful land Diesel 
engines are suitable with small alteration for applica- 
tion to this particular duty, but if the peculiar 
circumstances attendant upon marine propulsion 
are not fully appreciated and provided for, certainty 
of achieving the best success cannot be guaranteed. 
The record of performance at sea of the Diesel oil 
engine is such that the greatest possible care should 





be taken at the present time to ensure that success | 
is the only possible outcome. 
_ Marine work is only touched upon in this volume 

in distinction to the many excellent tables of data | 
illustrating the leading characteristics of land | 
engines of moderate powers of one, two, three, four | 
and six cylinders. Piston cooling, for instance, 

which is a subject of the very highest importance | 
with engines of high powers per cylinder of both | 
cycles, is only briefly dealt with. 


The illustrations, although reproduced to a small 
scale, are numerous (271 in 295 pages) and serve well 
to explain the text. The inclusion of a number of 
plates to illustrate the best-known types of both 
land and marine engines would have been an asset. 
The illustration of a detail of construction, without 
representation of its function in conjunction with 
adjacent mechanism cannot be of such assistance to 
designers and students as an illustration giving the 
complete design. The price of the volume— 
21s.—is, however, moderate, and probably prevents 
the inclusion of such plates. 

A feature of this text book, most highly to be 
commended, is the inclusion at the end of each 
chapter of a bibliography of publications, papers 
and periodicals from which Mr. Purday wishes 
generally to acknowledge having received informa- 
tion and assistance. 
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A STEAM ALIGNMENT DIAGRAM. 


By D. Hatton Taomson, M.A.(Cantab.), 
A.M.I.Mech.E. 


Tne advantages of solving steam iblems by 
graphical methods are not far to seek. Many of 
the expressions representing the relations between 
steam properties are so complex in form that their 
numerical calculation—particularly in the superheat 
region—-is both tedious and liable to error. Even 
with tables at hand this difficulty is only partially 
overcome, because interpolation between the 
tabulated values is seldom avoided. It is not 
surprising, therefore, that steam diagrams, especially 
for preliminary work, are in common use, not only 
on account of the saving of time and decrease in the 
risk of miscalculation, but because their employment 
appesls to the eye and permits the effect of changing 
conditions to be readily followed. 

The six most important properties which appear 
in steam calculations are pressure, volume, tempera- 
ture, entropy, quality (superheat or dryness fraction) 
and total heat, and in practice it is customary to 
represent two of them as cartesian co-ordinates 
and to show two others as families of lines referred 
to the primary rectangular net-work. A _ well- 
known example is the Mollier diagram, in which 
total heat and entropy are the co-ordinates, with 
lines of constant pressure and constant quality 
referred thereto. Theoretically, lines of constant 
volume and constant temperature could oe drawn 
on the same diagram, but the network of lines, 
already sufficiently intervolved, would thereby 
become unreadable and impracticable. So long as 
the common cartesian system only is employed, the 
sole remedy is to construct another diagram with a 
different selection of properties. In short, to 
provide a complete graphical solution for all six 
properties, two separate cartesian diagrams are 


necessary. 

By applying the alignment principle, however, 
a complete solution for all six variables can be 
provided on a single diagram, at the same time 
avoiding the complex network of lines of the 
ordinary cartesian system. It is, in fact, possible 
to provide an alternative means of obtaining all 
the data usually found on the Mollier total-heat- 
entropy diagram, together with some additional 
information to be detailed later. It is not suggested 
that tables and numerical calculations can be 
superseded—for these will always be necessary in 
close work—but it is believed that the steam 
alignment diagram, here described, has some 
advantages where graphical methods are considered 
sufficiently accurate for the purpose in view. Its 
primary object is to afford a means of determining 
the principal properties of steam, whether wet, dry 
saturated, superheated or supersaturated, and of 
tracing the effect of changes of state with specia] 
reference to expansion in steam turbines. 


Novation. 


Pound-Fahrenheit units are employed throughout, 
and the notation used is as follows :— 
g = absolute pressure, in d sq inch. 
=- ific volume, in cubic feet und, 
T = absolute temperature, in deg Fahrenheit. 
¢ = actual wee oe in degrees Fahrenheit. 
t’ = superheat in degrees Fahrenheit. 








# = entropy per pound, 
H= total hee per poand in British thermal units. 
I= ess fraction of wet steam 


v = velocity of steam in feet per second. 
The suffix ¢ refers to dry saturated steam, 
The enn g cues Op eee See 

n = hydraulic efficiency.¥ 


Basis oF DIAGRAM. 


The principal part of the diagram is based on 
the equations for the properties of steam propounded 
by Professor H. L. Callendar, F.R.S8., which are 
summarised in the earlier pages of “ The Callendar 
Steam Tables.” These not only agree very closely 
with experiment, but, being derived from a single 
characteristic equation and developed therefrom 
with the aid of general thermodynamical] principles, 
are mathematically consistent; they avoid, there- 
fore, the numerical discrepancies which are apt to 
appear when the older empirical formulas are used. 

Although a comparison with standard forms 
shows that it is possible to develop alignment 
diagrams for certain of the Callendar equations, 
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taken separately, as has actually been done by 
Professor W. J. Goudie,* other equations on account | 
of their form are not amenable to such treatment. 
It might, therefore, appear that a combined align- 
ment diagram, comprehending all the more | 
important steam properties was not a feasible 
proposition. Although this is true in a strict | 
algebraical sense, a reference to one of the first, 
principles of projective geometry—-the principle of 
duality—indicates a graphical method by which 
a very close solution may be attained. 

It may be shownf that if any group of correlated 
variables can be represented by a diagram con- 
sisting wholly of families of intersecting straight 
lines (¢.g., common cartesian co-ordinates and 
straight lines referred thereto), this diagram may be 
transformed to the alignment system in such a way 
that any three (or more) straight lines passing | 
through the same point on the cartesian system | 
correspond to three (or more) pvints lying on a 
straight line on the alignment system. This 
“ dualistic transformation” is possible without | 
necessarily knowing the form of the algebraical | 
equation connecting the variables. 

To apply this principle, therefore, the first step 


The alignment diagram under discussion (see 
Fig. 10, page 304) was constructed, partly with the 


_ aid of equations (1) and (2), and partly by a graphical 
| process based on the above principle of transforma- 


tion, the whole being checked from the Callendar | 
steam tables. The vertical lines representing 
hydraulic efficiency, the “ Wilson point” (lower 


limit of complete supersaturation) and the reheat | 


factors used in the examples are derived from the 
equations and tables developed in H. M. Martin’s 
** New Theory of the Steam Turbine.”* Details of 
construction are given in the appendix. 

The reciprocal relation between the two types 
of diagram will be noted ; lines in the one diagram 
become points in the other, and vice versa, ¢.g., 
“state points,”’ ‘ condition lines,” and “‘ saturation 
line”’ in the cartesian diagram are represented by 
“ state lines,”’ “ condition points” and “ saturation 
point ” in the alignment diagram. 


STeAM PROPERTIES. 


The various properties are represented on the 
diagram by axes with figured scales. The gradua- 
tions of the scales and their relative magnitude’ 
and position are such that when any straight line is | 
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is to produce a cartesian diagram consisting wholly 
of straight lines. The Mollier total-heat-entropy 
diagram, the Callendar total-heat-pressure diagram, 
and others, since they all include families of curved 
lines, are not directly suitable for the above trans- 
formation. 

Now, the form of the two Callendar equations :— 


Vv = 112464 (H — 8852) | o93 | (1) 
P 


p (V — 01602) = constant . (2) 

suggests that the functional co-ordinates leg. p 
and log. (H — 835-2) (instead of log. p and H, as 
in the Callendar diagram) might be adopted. A 
diagram with these co-ordinates is shown in outline 
in Fig. 1, where the p and H lines (forming the 
primary rectangular network) and the ® and V 
lines are perfectly straight, while the ¢’-, g-, H,- and 
Vq-lines are very nearly straight. The curvature 
of these latter lines, however, is so sli,ht that 
within the field of the diagram actually used they 
may be regarded as straight, and the errors in the 
corresponding alignment diagran, keeping in mind 
the limitations of all graphical processes, so small 
as to be negligible. The degree of error miy be 
gauged by comparing the readings obtained from 
the slightly curved lines in Fig. 1 with those from 
the straight lines which most nearly correspond 
thereto within the practical range of values. 


* W. J. Goudie, ‘Some Graphical Methods of Deter- 
mining the Properties of Superheated, Supersaturated 
and Wet Steam. ” Institution of Engineers and Ship- 
builders in Scotland, April 23, 1918. 

t M. @’Ocagne, “ Caleul Graphique et Nomographie.”’ 








drawn across the diagram, the points of intersection 
on the scales indicate simultaneous values of the 
properties. Such a line thus represents steam in 
any one physical state, and may be termed a 
“state line.” This state line need not necessarily 
be drawn ; it may be represented by laying in the 
required position any straight edge or a transparent 
celluloid strip with a straight line scratched on the 
underside. The latter has the advantage that it 
permits all the graduations on the scales to be kept 
in view. 

The scales which are to be read together depend 
on the quality of the steam, and are tabulated on 
the diagram (Fig. 10, page 304). 

Wet Steam.—-The state line passes below the 
“saturation point’? and the values of the pro- 
perties are read on scales marked H,, g, *, V,, 
Pp and ts. 

Dry Saturated Steam.—The state line passes 
through the “saturation point” and the values of 
the properties are read on any of the scales. It 
will be found that the readings on the H- and H, 
scales, and on the V- and V,-scales are identical. 

Superheated Steam.—The state line passes above 
the “saturation point” and the values of the 
properties are read on scales marked H, ?’, ® 
V and p. The actual temperature is obtained 
by the sum of readings on scales /; and ?’. 

Supersaturated Steam.—The state line passes below 
the “saturation point’ and the values of the 
properties are read on scales marked H, *, V and p. 





* ENGINEERING, 1918, vol.cvi. Instalments commence 
on pages 1, 53, 107, 161, 189 and 245. The article has 





Second edition, page 225. 


been republished by ENGINEERING in pamphlet form. 


The temperature is not given. The lower limit of 
complete supersaturation is determined by state 
lines through the “ Wilson point,” corresponding to 
the “ Wilson line” on Martin’s diagram.* 

Example I—Given, steam at pressure p = 8 lb. 
per square inch absolute and quality q = 0-88. 
Required, the other principal] properties. 

A state line intersecting the p-scale at 3 and the 
qg-scale at 0-88 passes through the H, scale at 1,000, 

the ® scale at 1-685, the V, scale at 104, and the 
t, scale at 142. 

Example 2.—Given, steam at pressure p = 160 Ib. 
per square inch absolute, and temperature = 590 
deg. F. Required, the other principal properties. 

From the reading on the t,-scale opposite p = 160, 
the saturation temperature is 363. The superheat, 
therefore, is ¢’ = 590 — 363 = 227. A state line 
intersecting the p scale at 160 and the ¢ scale at 227 
passes through the H-scale at 1,324, the ® scale 
at 1-705 and the V-scale at 3-84. 


CHANGES OF STATE. 


The initial and final conditions of a change of 
state are represented by two state lines intersecting 
at some point on the diagram. This point may be 
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Fig.2. SOLUTION OF EXAMPLE 3. 
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Fig.3. SOLUTION OF EXAMPLE 4. 
Vi Vq Pits 
| ate28 
a bin 
> 
100} 
(61578) 
termed the “condition point.” In the case of 


throttling, when no external work is done, the 
condition point lies on the H- or H,-scale (according 
to the quality); in an adiabatic change, when 
no losses occur, it lies on the ® scale ; in any change 
involving partial loss by friction, it is situated at 
some point between these scales. 

The condition point may be regarded as a fixed 
hinge-point, on which is pivoted a state line repre- 
senting intermediate conditions. As the steam 
passes from a dry to wet state, the readings for total 
heat and specific volume indicated by the moving 
state line change over from the H- and V- scales 
to the H, and V,-scales, respectively, and vice versa. 
Where there are frictional losses the condition point 
is strictly fixed only in the superheat and super- 
saturation portion of the expansion in a multi-stage 
turbine; in other cases the hinge-point moves 
slightly during a change of state, because the corre- 
sponding condition line on the cartesian diagram, 
(Fig. 1), is not quite straight. The effect of the 
vn. Bad however, is so smal] that it may often 
be neglected. 

The heat-drop is given by the difference between 
the readings at the intersections of two state lines 


* Enomvresrme, vol. cvi, Plate L. 
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on the H or H, scale (according to the quality). 
If the difference represents the drop in one stage 
of a turbine, the corresponding velocity of the steam 
is obtained by the reading opposite to that difference 
on the auxiliary scale at the foot of the diagram. 

Example 3 (Fig. 2).—Given, steam at pressure 
p = 150 lb. per square inch absolute, with dryness 
fraction g = 0-97; it is passed through a reducing 
valve. Required, the pressure at which it must be 
set to discharge dry saturated steam. 

State line (1), representing the initia] state, 
passes through p=150 and qg=0-97, giving 
H, = 1,173. Since no work is done and H, remains 
constant, state line (2), representing the final state, 
passes through H, = 1,173 and the saturation point, 
giving the required pressure p = 44. 

Example 4 (Fig. 3).—Given, steam at pressure 
p = 100 lb. per square inch absolute; it is passed 
through a throttling calorimeter, the final pressure 


Fig.4.SOLUTION OF EXAMPLE 5, CASES (a)&(t). 
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(6157.c) 


being p = 20 Ib. per square inch absolute, and the 
temperature 266 deg. F. Required, the initial 
quality. 

From the reading on the ¢, scale opposite p = 20, 
the saturation temperature is 228. The final 
superheat, therefore, is t’ = 266 —228 = 38. State- 
line (1), representing the final state, passes through 
p=20 and ¢’ = 38, giving H = 1,176. State- 
line (2), representing the initial state, passes through 
H, = 1,176 (note the change from the H to the Hy, 
scale, since it is evident that the steam was originally 
wet) and p = 100, giving the required initial quality 
(dryness fraction) g = 0-984. 

Example 5 (Fig. 4).—Given, steam at pressure 


p = 160 Ib. per square inch absolute, and super- | 


heated 50 deg. F. ; it expands in thermal equilibrium 
through a nozzle to pressure p = 3 Ib. per square 
inch absolute. Required, the initial and final 
specific volumes, final quality, heat drop and 
velocity, assuming (a) adiabatic expansion, (5) a 
frictional loss of 12 per cent. 

Case (a).—State line (1), representing the initial 
state, passes through p = 160 and ¢’ = 50, giving 
H = 1,229,  =1-603 and V=3-05. Since 
entropy is constant, state line (2), representing the 
final state, passes through p = 3 and ® = 1-603, 
giving H, = 953, q = 0-832 and V,=98. The 
adiabatic heat - drop = 1,229 — 953 = 276. The 
velocity on the auxiliary scale opposite to heat- 
drop = 276 is » = 3,720. 


Case (b).—State lines (1) and (2) and the adiabatic | laying a state line through each point thus deter- | 
heat-drop are first determined as in case (a). The | mined and the condition point. 


actual heat-drop = 276 x 0-88 = 243, whence the 
actual final total heat = 1,229 —243 = 986. State- 


The properties at each stage are tabulated below : 

















line (3), therefore, representing the actual final state, | 

passes through H,=986 and p =3, giving| “ne. |Preesure.| Volume.| Quality. | Heat. | Drop 

q=0-865 and V,=102. The velocity on the rte) Mer Mba) Chem 

auxiliary scale opposite to heat drop = 243, is| ) | 20 B06 eH SPA: aaa 

v = 3,480. (2) 74-0 6-2 |40deg. Sup.) 1,205-5 

: In either case the condition point for the expansion | (g) 24-0 16-8 0-987 1,148-0 writ 

is at the intersection of the initial and final state 57°5 

lines. (4) 6:8 53-0 0-965 | 1,090°5) 

AppiicaTion To STEAM TURBINES. (5) 15 | 210-0 0-925 | 1033-0 

Single-Stage Turbines.—The condition point, net Total) heat-drop| 2380-0 

heat-drop and velocity are determined as in 


Example 5 (b) above. 
Few-Stage Turbines.—If the hydraulic efficiency 
and re-heat factor are known or assumed, these may 





be treated by calculating the cumulative heat-drop 
for each stage, and repeating for each the operation 








indicated in Example 5 (b). It will be found that 

















Multi-Stage Turbines.—The procedure is divided 
into two parts; the first applies to expansion, 
above the saturation point if wet steam in thermal 
equilibrium is assumed below, or above the Wilson 
point if supersaturation is assumed to take place 





| whole expansion. The properties of the steam at |» = 0-7. 
| each stage are obtained by dividing the heat-drop | and the volume change during expansion in the four 


Fig.8. SOLUTION OF EXAMPLE 7, CASE). 


H| Fig.6.SOLUTION OF EXAMPLE7, CASE(e). 
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(6157.0) 


| the condition point moves slightly at each stage. \down to that point; the second applies to_the 
A more direct procedure, which gives almost | remainder of the expansion. 
| identical results, is to determine a fixed condition | (1) For the superheated and supersaturated part 
| point for the whole expansion, as in the following |of the expansion the condition point lies on the 
example. | vertical from the 7 scale, corresponding to the known 
Example 6 (Fig. 5).—Given, a four-stage turbine | hydraulic efficiency. The intersection of this 
in which steam expands in thermal equilibrium from | vertical with the initia] state line thus determines 
| initial pressure p = 200 Ib. per square inch absolute | the condition point without any knowk dge of the 
_ and superheat 100 deg. F., to final pressure p = 1-5 | rebeat factor. The final state line is drawn through 
| Ib. per square inch absolute; the stage efficiency | this point and the net heat-drop is given directly 
is 0-65 and the reheat factor 1-045. Required, the by the difference between the initia] and final 
| pressure, specific volume and quality at the end | readings on the H-scale. It is to be noted that the 
| of each stage, assuming that the total net heat-drop |» scale on the diagram applies only to the super- 
_ is divided equally between the stages. _ heated and supersaturated part of the expansion in a 
State line (1), representing the initia] state, | multi-stage turbine. 
passes through p= 200 and # = 100, giving! (2) For the remainder of the expansion the 
|H = 1,263, ® =1-618 and V = 2-65. State | condition point and net heat-drop are calculated 
line (6), representing the final state after adiabatic | in a manner similar to that for one stage in a few- 
| expansion, passes through p = 1-5 and ® = 1-618, | stage turbine, i.e., the adiabatic heat-drop is first 
| giving H, = 924. The adiabatic beat-drop, there- | found and an adjustment then made by means of the 
| fore, is 1,263 — 924 = 339. The actual net heat- | given hydraulic efficiency and a reheat factor. 
drop = 339 x 0-65 x 1-045 = 230; whence the| Ezample 7.—Given, a multi-stage turbine in which 
actual final total heat = 1,263 — 230 = 1,033. | the stop-valve pressure is 105 Ib. per square inch 
| State line (5), therefore, representing the actual | absolute, and the superheat 150 deg. F. ; the initial 
final state, passes through H, = 1,033 and p = 1-5, | pressure below the governor is 180 Ib. per equare inch 
| giving g = 0-925 and V, = 210, its intersection | absolute, and the steam is expanded down to 1 Ib. 
with state line (1) being the condition point for the | per square inch absolute; the hydraulic efficiency 
Required, the heat usefully employed 





on the H and H, scales, into four equal parts and | following cases :— 
(a) Therma! equilibrium is maintained through- 
out; reheat factor below saturation point, 1 -030. 
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(b) No condensation takes place throughout the 
expansion (value of reheat factor not required). 

(c) No condensation takes place above the Wilson 
point (lower limit of supersaturation), but thermal 
equilibrium completely re-established below ; reheat 
factor below Wilson point, 1-016. 

(d) No condensation takes place above the Wilson 
point, but below the steam expands according to 


Martin’s theory i.e. that thermal equilibrium is | 


only partially re-established due to the conversion 
into heat of the energy liberated on condensation 
not being instantaneous; equivalent reheat factor 






| heat drop down to the saturation point = 1,290 — 
1,159 = 131. Below the saturation point, state 
line (4), representing the final state of wet steam 
| after adiabatic expansion, passes = 1-725 
_and p = 1, giving H, = 963. The adiabatic heat- 
| drop, therefore, is 1,159 — 963 = 196. The actual 
| heat - drop = 196 x 0-7 x 1-030 = 141; whence 
| the actual final total heat = 1,159 — 141 = 1,018. 
State line (5), therefore, representing the actual 
final state passes through H, = 1,018 and p= 1, 
giving g=0-917 and V, = 304, its intersection 
with state line (3), being the condition point for the 







































































point, giving H = J,095, » = 1-768, V = 57 and 
p=5-7. The net heat-drop down to the Wilson 
point is 1,290 — 1,095 = 1965. On regaining 
thermal equilibrium the total heat and pressure 
are unchanged, but the total heat reading crosses 
to the H, scale; state line (4), therefore, passes 
through H, = 1,095 and p = 5-7, giving g = 0-962, 
@ = 1-777 and V, = 62. Below the Wilson point, 
state line (5) representing the final state of wet 
steam after adiabatic expansion, passes through 
@=1-777 and p=1, giving H, = 990. The 
adiabatic heat drop, therefore, is 1,095 — 990 = 105. 
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Case (a) (Fig. 6).—State line (1), representing | that in this case the two condition points are| whence the actual final total heat = 1,095 — 


steam at the stop valve, passes through p = 195 
and # = 150, giving JH = 1,290 and V = 2-9. 
Since no work is done in the governor and H remains 
constant, state line (2), representing steam below 
the governor, passes through H =1,290 and 
p = 180, giving V = 3-12, its intersection with the 
vertical through » = 0-7, being the condition point 
for the steam so long as it is dry. State line (3). 
representing dry saturated steam, passes through 
this point and the saturation point, giving H, =1,159, 
@, =1°725, V, = 18-3 and p, =22. The net 


* In a recent leading article entitled ‘* Underoooled 
Steam" [Sa vol. eviii, 843-4, it is 
suggested that expansion beyond the Wilson point ma 
proceed with an initial os. ber smaller, By a final 
volume pret than was provisionally assumed by 
Martin. this is so, his values of the equivalent reheat 
faotor will require to be modified. 








practically in the same position. 

The total net heat-drop from the initial state = 
131 + 141 = 272. 

Case (b) (Fig. 7).—State lines (1) and (2) and the 
first condition point are found as in Case (a). Since 
the steam is assumed to be first superheated and 
then supersaturated down to the terminal pressure, 
this condition point applies t the ex- 
pansion. State line (3), therefore, representing 
the actual final state, passes through the condition 
point and p = 1, giving H = 1,032 and V = 245. 
The total net heat-drop from the initial state = 
1,290 — 1,032 = 258. 

Case (c) (Fig. 8).—State lines (1) and (2) and 
the first condition point are found as in Case (a) 
State line (3), representing the lower limit of super- 
saturation, passes through this point and the Wilson 


75 = 1,020. State line (6), therefore, representing 
the actual final state, passes through H, = 1,020 
and p=1, giving g=0-919 and V, = 306, .its 
intersection with state line (4) being the condition 
point for the steam below the Wilson point. The 
total net heat-drop from the initial state = 
195 + 75 = 270, 

Case (d) (Fig. 9).—State lines (1), (2) and (3), the 
first condition point and the net heat-drop down 
to the Wilson point are found as in Case (c). Below 
the Wilson point state line (4), representing the 
final state of supersaturated steam after adiabatic 
expansion, passes through » = 1-768 and p= 1, 
giving H = 1,009. The adiabatic heat-drop, there- 
fore, is 1,095 — 1,009 = 86. The actual heat-drop 
= 86 x 0-7 x 1-004 = 66; whence the actual 
final total heat = 1,006 — 66 = 1,029. State 
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line (5), therefore, representing the actual final state, 

through H = 1,029 and p = 1, intersecting 
state line (3) at the condition point for the steam 
below the Wilson point. The readings on the 
q and V, scales do not apply in this case; Martin 
states that the required specific volume V,, below 
the Wilson point is given by : 

Vo = 0.8 V + 0.2 Vy. 


where V is the specific volume under Case (6) and 
V, that under Case (c). In the present case, there- 
fore, the final V,, = 0-8 x 245 + 0-2 x 305 = 257. 
The total net heat-drop from the initial state = 
195 + 66 = 261. 

It will be noted that in Cases (a), (c) and (d) the 
position of the second condition point differs but 
slightly from that for the dry part of the expansion ; 
the difference, however, may be sufficient to affect 
readings in the total heat scales, so that the second 
condition point should usually se determined 
separately. 





APPENDIX. 
ConsTRUCTION oF DIAGRAM. 


The following is written on the assumption 
that the reader is acquainted with the general 
principles governing the construction of alignment 
diagrams. : 

Although most of the properties can be repre- 
sented by scales which are in strict accordance 
with the equations connecting them, others cannot 
be so treated and are obtained graphically by cross- 
alignment. This applies in particular to the Hy. 
t’ and q scales. In such cases the state lines drawn 
to determine any one scale point are not always 
concurrent, i.¢., do not intersect at one point, 
although nearly so. This is due to the slight curva- 
ture of the corresponding line on the cartesian 
diagram (Fig. 1). A mean position is selected 
after giving special “ weight” to those state lines 
most likely to occur in practice, ¢.g., for the t’-scale 
state lines corresponding to the higher values of p 
are given preference; for the lower parts of the 
H, and q scales those corresponding to the lower 
values of p are favoured. The error in actual use 
is, therefore, likely to be small. Having thus deter- 
mined a number of points on a scale, the graduations 
are inserted by graphical interpolation. 

It has been possible to deduce some simple 
empirical formulas from the diagram, and these 
are recorded below, together with the limits of error 
and range of values within which they may be 
employed. 

p, V and H Scales.—Equation (1), in its logarithmic 
form, is written : 

. (H — 835.2) — log. p — log. (V — 0.0123 
ne The tie we ; (3) 

This is of the general type : 

J(u) + f(r) +f (wv) =0 - 
which is represented on the alignment principle 
by three parallel scales, for any two of which the 
position and units may be arbitrarily selected. Let 
the two outer scales correspond to the functional 
co-ordinates in Fig. 1; let them be 18 in.* apart 
and represented by : 

u = py log (H — 835.2) 

v = polog p 
the logarithmic units being », = + 20in., nu, = — 
5 in. The positive sign denotes that the scale 
increases upwards; the negative sign that it 
increases downwards. The V scale is obtained 
either by cross-alignment, or, better by calculation. 
The latter shows that it is given by 

w= + 4log (V — 0.0123) 
and lies between the H and p scales at a distance 
3-6 in. from the latter. 

&@ Scale.—In equation (2) 

p (V — 0.01602)! = const. 


the right-hand side is constant only for an adiabatic 
change; for any other change it must be some 
function of the entropy. Further (V —0-0123) 
in equation (1) is practically identical with 





_* This dimension and others given below refer to the 
diagram as originally construeted. The lineal scale of 
the present reproduction is about two-fifths that of the 


original, 





(V —0-01602) in equation (2). Eliminating V, 
therefore, between (1) and (2), a genera] equation 
connecting p, H and 4 is developed, e 


(H — 885,2)13 _ 


or, in logarithmic form, 
1.3 log (H — 835.2)—0.3logp—f()=0 (5) 


This, again, is of the general type (4). By calcu- 
lation the @ scale lies on a straight line between the 
H and p scales already constructed and at a distance 
of 9-36 in. from the latter. Although its equation 
is unknown the scale is accurately determined by 
state lines between the H and p scales intersecting 
the ined axis at assumed values of 4, 
Simultaneous values of p, H and @ are found by 
the aid of Tables IV and VI of the Callendar Steam 
Tables (subsequently referred to as the Steam 
Tables). 

From the @ scale thus graphically determined, it 
is found that 

Sf (&) = 20 log (@ + 5.4) 


very closely over a wide range. Combining this 
expression with (5), the following empirical formula 
is obtained : 
@ = 5.1265 ( — 835.2008 _ 4 
pools 


which gives values of @ with an error varying from 
zero to + 0-001, between ¢ = 1-5and » = 2°1; 
this covers the usual range of values. 

n Scale.—This is based on the equation 


P v’ = t. 1 
ait 1 — 0.23077 n 


deduced by Martin* for expansion in the superheat 
region in a multi-stage turbine. This may be 
written : 


where \ = 


log p + A log V — log (const.) = 0 


which is represented on the alignment system by two 
parallel log. » and log. V scales (already constructed) 
and a series of straight lines parallel thereto corre- 
sponding to values of A, and therefore of 7. 

If x is the horizontal distance to the left of the 
V-scale, the positions of the verticals are given by: 


= ~_.. in. 

A— 0.8 

Saturation Point.—Determined by cross-alignment 
between the H and p scales, the required simul- 
taneous saturation values being obtained from 
Table II in the Steam Tables. The state lines are 
very nearly concurrent. A mean position is 
selected as the saturation point, state lines through 
which give readings in accordance with the empirical 
formula : 


x 


H, = 267.9 p®-061 +. 35.2 


This gives values of H which differ from the 
tabulated values by amounts varying from zero to 
about + 1 British thermal unit, except when p is 
greater than 300, in which case those obtained from 
the formula are too large. 

Wilson Point.—Determined by cross-alignment 
between the H and p scales or the H and @ scales, 
simultaneous values being obtained from a table 
in Martin’s article.t The state lines are concurrent 
for the range of values likely to occur in practice. 
State lines through this point represent the lower 
limit of supersaturation and correspond to the 
formula 

H = 233.8 p0-061 + 835.2 


which gives correct values when p is less than about 
40 Ib., as is usual in practice. 

t’ Scale.-—Determined by cross-alignment between 
the H and p scales, simultaneous values of H and p 
for any assumed superheat being obtained by inter- 
polation in Table IV of the Steam Tables. They 
may be rather more conveniently obtained from a 
diagram in Goudie’s paper.t For any given super- 
heat the state lines are nearly concurrent, except 
when 7 is less than about 20; superheats, however, 
seldom occur in practice below that pressure. 

H, Scale—Determined by cross alignment 
between the p and ¢ scales, the state lines inter- 
secting to the left of the » scale. Simultaneous 


* ENGINgERING, vol. cvi, pages 53 and 54. 
+ Exouvgrrina, Ibid., page 162, Table VI. 
t ‘“‘ Graphical Methods,” &c., Fig. 2. 








values of p and ¢, for any assumed value of H, are 
calculated from the equation : 

H, — H, = T, (#, — %,) 
For any one point on the scale, a fixed value of 
and varying values of p are assumed, H, T, an 
s corresponding to p being found in Table II of 
the Steam Tables; whence values of are 
calculated. The state lines for any one value of H, 
are nearly concurrent, although the intersection is 
less favourable for low values of Hy, 

It should be noted that for dry saturated steam 
identical scale readings of H and H, must lie on 
straight lines passing through the saturation point. 

q Scale.—Determined by cross-alignment between 
the H, and p seales. Simultaneous values of H, 
and p for any assumed value of qg are calculated from 
the equation : 

H, = q H, + (1 — g) (ts - 32) 

For any one point on the scale, a fixed value of g and 
varying values of p are assumed, H, and ¢, corre- 
sponding to p being found in Table II of the Steam 
Tables ; whence values of Hy, are calculated. The 
state lines for any one value of g are nearly con- 
current, although the intersection is less favourable 
for very wet steam. 

V, Scale—Any point on this scale is found on 
the following considerations :— 

(1) Since values of V and V, are equal for dry 
saturated steam, one locus of V, is a state line 
through the saturation point and the same volume 
on the V scale. 

(2) Since for a given saturation pressure V, 
varies with g, the second locus of Vy is a state line 
through an assumed value of dryness on the q scale 
and through the saturation pressure on the p scale 
corresponding to the dry saturated volume V, = = 

t, Scale.-—This is drawn opposite the p scale with 
the aid of Table II in the Steam Tables. 

v Scale—This auxiliary scale and the corre- 
sponding heat-drop (h) scale are based on the 
equation: wv = 223-8 ht. 





MANAGEMENT IN MODERATION. 
Ws are all familiar with the fussy individual 
who is notorious for the creation of disturbance 
unaccompanied by real progress with the work in 
hand, convinced of his mission as an organising 
genius, he propounds numerous ideas which conflict 
one with another, possibly tries several simul- 
taneously and succeeds only in bewildering those 
he attempts to direct. Familiar, also, is the 
lethargic example whom nothing but an earthquake 
disturbs, who has a conscientious objection to any 
alteration whatever because it alters acoustomed 
routine which to him is almost a religion. There 
is, again, the querulous type, whom nothing pleases, 
whose mission in life is to discover imperfection 
in the most flawless, who is prone to sap the good 
will of those around by detraction and hyper- 
criticism, whose speciality is to view all things from 
an opposite, if not a hostile, standpoint. 
Unobtrusive service in any station without fuss, 
disturbance, somnolence or carping is not perhaps 
so usual as it might be, but it is proof positive 
of capacity. Such service has dangers to the 
advancement of the individual, he is too much taken 
for granted, and often he is penalised because 
it is difficult to fill his place adequately. Apart 
from this, is it possible that industrial concerns are 
too much managed? The point does not lack 
interest, for the whole tendency of recent years is 
towards the creation of a larger number of un- 
productive officials; and the more system and 
organisation evident to the visitor, the more 
the concern appears, the greater credit is 
taken by the supreme authority in its economy. 
Doubtless, prior to the advent of the systematiser, 
the card index, and specialist activity classified 
by function, things were much too casual; but 
between such a condition and over-organisation 
there is a happy medium. Moderation in all things 
is a maxim of universal application, and there is 
small question but that the chief driving force of 
any activity is less a scientific system than a live 
man. System is not an organism which enjoys a 
sentient existence and by due multiplication evolves 
a line of industry, it is more a tool which requires 
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alteration andfre-sharpening; whose angles must 
be varied to the material worked, and has no 
sanctity of its own. Its mainspring is example, 
and without a live man to give impartial oversight 
it;may immolate upon an altar of routine sacrifice 
the intelligence of its votaries, It is surprising how 
commonsense can be avoided in the intricacies of a 
system designed to foster good organisation. 

It is quite obvious that a huge concern must be 
systematised for the purposes of control, to err is 
human and lapse must come to light, otherwise the 
strings which should be manipulated by a single 
hand would become tangled beyond rectification. 
Yet responsibility must be delegated and laid in 
varying amount upon all, system should make it easy 
for the organisation to function, not provide a valid 
excuse for difficulty. The tendency is to make rule 
and regulation serve for intelligence, and some of 
the most efficient and capable can only serve ably 
and well by. finding out loopholes and, taking 
' advantage of these, contrive while breaking the 
letter of the law to observe its spirit. The best 
government consists essentially in providing within 
certain limits the widest individual tolerance, such 
it is assumed is the real ideal of democracy ; not in 
the minute direction of individual act. When 
individual activity threatens the comfort or con- 
venience of the entire community then restraints 
must be devised. 

Works management is the national problem on a 
smaller scale, and over-regulation is perhaps more 
reprehensible than a certain lack of system. After 
all, the individual transgressor finds punishment 
at the hands of the law, Parliament does not proceed 
to restrict the liberties of all because of individual 
offence. There is a type of management which 
adopts a contrary spirit, framing wholesale regulation 
for each individual malpractice; it is bitterly 
resented by those who conform to reasonable 
regulation, and nothing strains the relations between 
man and management more than this ill-advised and 
autocratic attitude. Few men object to straight 
dealing in a punitive way when caught out for a 
real breach against reasonable regulation, all resent 
restriction of a petty order; it argues poor states- 
manship and a want of human dealing. 

There is a personal element in production which 
no system can cure; and so long as production is by 
human agency, the human element will count ; 
realisation of this forms the new industrial view- 
point. The feudal system which was destroyed 
mainly by the industria] revolution, was the quint- 
essence of service, it had certain con- 
veniences and responsibilities due to class distinctions 
and common enterprise; there is a sense in which 
part of its spirit is worth recapture ; indeed, there 
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is a tendency afoot to place relations on a new 
basis by recognition of interdependence. Personal 
service thrives best where restrictions are least 
disabling, and are generously interpreted ; in other 
words, over-management does not tend toward 
pleasant relations which in themselves are no small 
asset. It is the difference between voluntary and 
pressed service, which in other quarters is realised. 
Management in moderation is unobtrusive, does not 
fuss, allows the development of individual intelli- 
gence, individual initiative; does not visit the 
good and the bad, the efficient and the incapable 
with equal severity, considers reputation and past 
record, gives a measure of toleration, and wins 
effort by abstention from undue interference. 
Recognition of real capacity is perhaps the key 
to industrial success, the measure of men is 
infinitely varied, while the administration of men 
requires a large and unprejudiced mentality and, 
notwithstanding that it involves great responsibility, 
affords peculiar pleasure to the capable. 





RAPID RAILWAY CONSTRUCTION. 


Ly these days, when so much is heard of short hours 
and relaxed effort, it is interesting to be able to give 
some record of a rapid piece of construction which was 
recently carried out in connection with the Slough 
Motor Repair Depot. The work covered the con- 
struction of a railway station at the depot and its 
connecting up with the Great Western Railway. The 
works are situated a considerable distance from the 
Slough passenger station, and in the early; days an 
enormous waste of time occurred in getting men to and 
from the site. In view of this, Messrs. Sir Robert 
McAlpine and Sons, of 50, Pall Mall, 8.W., the con- 
tractors for the main works, put forward the suggestion 
that a railway station should be constructed at the site. 
On January 10, 1919, 10 days after the contract had 
been placed in their hands, the firm had an interview 
at the Superintendent’s Office of the Great Western 
Railway. Their suggestions were agreed to, and the 
following day the railway officials visited the works 
and fixed the site of the station. Plans were very 
rapidly prepared, and the railway company’s lay-out 
was received by the contractors on January 16. The 
contractor's 5 tions with regard to these were 
forwarded the following day, and a meeting’ was called 
on January 24 when final plans were approved. Later 
on, the same day, sanctions from the War Office and 
Financial Department were obtained. 

Work commenced on February 3, when final details 
were settled on site with the Great Western Railway 
engineer. Unfortunately very severe weather set in 
on February 5, with heavy snow, frost and rain, and 
work was rendered almost impossible up to February 22. 
The state of the works on March 1 is shown in Fig. 1, 
above. This illustration also shows the type of drag 
excavator used for taking out the cuttings. The re- 
maining figures, on the present and opposite pages, 











Fie. 2. Srrz AFTER 16 Days’ Work. 


illustrate perhaps better than a description the very 
rapid progress of the works from that date. Different 
views of the site after 16 days’ work are given in 
Figs. 2 and 3. It is interesting to note that 8 out of 
these 16 days were wet. 

The work was completed on March 14, the platforms 
were tested for clearances by locomotives and trains, 
and the station was opened for traffic on March}, 17. 
The work comprised the excavation of 17,000 cub. 
yards of earth, the construction of two platforms, 
each 800 ft. long, a footbridge, and a total length’ of 
railway of over 14 miles. Figs. 4, 5 and 6 are various 
views of the station with the footbridge and platforms, 
the whole of which was completed and made ready for 
traffic in the record time of one month. The footbridge, 
it may be noted, was constructed in 17 days. 

The rapidity with which this piece of work was 
carried out is an excellent testimony to the energy and 
organising ability of the contractors and to the loyalty 
of the workmen employed. It may be of interest in 
connection with the matter to record that before the 
construction of the special station when the nearest 
passenger station was nearly 2 miles distant from the 
works, there was a daily loss of time of about 1 hour 
per man employed. As about 5,500 men were engaged 
on the works, there was consequently a Joss of some 
33,000 man-hours per week. The construction of the 
new station to a very large extent eliminated this Joss. 





THE Non-Ferrovus Mrninc CoMMiTTEE.—The com- 
mittee cupeintes by the Board of Trade, under the 
chairmanship of Mr. H. B. Betterton, M.P., to inquire 
into non-ferrous mining in the United Kingdom, have 
now completed the taking of evidence, and are preparing 
a report which they hope to present in a few weeks time. 





Rattway ELecrrirication in Iraty.—H.M. Com- 
mercial Counsellor at Rome quotes La Tribuna as’stating 
that the work of the Commission for the electrification of 
the railways, appointed by the Minister of Transports, 
is proceeding actively, both as regards the’ system to be 
adopted and the continuation of the works in hand in 
Liguria, Piedmont, and part of Lombardy. In these 
districts the railways general management are continuing 
the electrification, on the three-phase system,cf the line 
between Turin end Genoa of about 400 km., and by 
means of a private undertaking the lines Turin-Milan 
and Milan-Voghera for another 200 km., in order to 
complete, as soon as possible, the principle links of this 
railway system. With regard to central Italy, a meeting 
was held recently, under the presidency of the Minister 
of Transports, between the various public bodies and 
companies interested in the utilisation of the electric 
power in the Umbro-Tuscan-Errilian district, in order 
to co-ordinate available and utilisable power for local 
requirements and railways. The Commission approved, 
from the technical point of view, plans for two thermo- 
—- stations, using national fuel, ~ Sowa = 

erugia and Torre del Lago respectively, capable © 

roducing about 20,000 kw. per hour. The plans have 
been commenced for the linking up of Rome and Naples 
and the Southern Provinces. A pro; e has also 
beeri drawn up for the extension of steam traction by 
oil fuel for those lines where it will take some time to 
provide hydro and thermo-electrie power, that is to 
say, largely in Sicily, Calabria, Basilicata and Puglia. 
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Fie. 5. View sHowrna New Foor-Briver. 


COLD METAL-ROLLING MILLS. 


THE fairs being held at the Crystal Palace, Glasgow 
and Birmingham reveal several directions in which 
engineering and other manufacturers are extending 
their producing facilities to supply many essentials of 
industries for which we were formerly dependent upon 
foreign countries. This is a gratifying sign of the times 
and ought to be encouraged in every way because, 
apart from the general necessity of producing more at 
home and importing less in order to ensure the return 
to normal rates of exchange, there is the need to utilise 
old and new factories engaged during the war on muni- 
tion work. An interesting example of this trend is to 
be found in the exhibit at the Birmmgham fair by 
Messrs. Vickers, Limited. The’ firm has taken up at 
their Sheffield works the making of cold rolling mills 
of the Continental type, suitable for rolling ferrous and 
non-ferrous metals, and also of special hardened 
nickel chrome rolls for cold rolling, and hardened special 
steel rolls for cold or hot rolling of rounds, squares, 
hexagons or other 

Some months ago, the question was asked by some 
of the leading metal rollers in the Birmingham district 
why it was not ponte to obtain a good English rolling 
mill equal to that put on the market by the Germans, 
as they thought British firms, who had been accustomed 
to extremely accurate work for guns, shells, armour, 
and other similar manufactures ought to be able to 
make a rolling mill equal to any produced. In view 





Fra, 4. 


View or New Approacn Rartway. 





of this Messrs, Vickers decided to make experimente 
first with the rolls. When it was found that they 
could get a better roll, both as regards hardness, 
durability and uniformity, than any German roll that 
they had been able to obtain for the purpose of testing, 
it was decided that they should go in for mill making 
as well, ’ 

This company are now also manufacturing mills 
ranging from 4 in. to 24 in. diameter. At one time 
English firms made all the mills for the world, but 
they allowed themselves to be beaten by the Germans 
who came in with a mill designed more on the 
lines of a machine tool, and made of steel where cast- 
iron had previously been used. The Vickers’ mills 
are fitted with hardened steel rolls having a mirror 
polish, steel housings, steel wheels with double helical 
teeth steel pinions; in fact, all the main parts of the 
mill are made of cast or forged steel instead of cast- 
iron, in order to give lightness and strength. By this 
means the breaking-down mill should be ena’ to 
do more work in the same time than the old-fashioned 

ish mill, as it will give greater pass reductions 
and will run quicker, and as a consequence will affect 
the number of annealings necessary during the opera- 
tion of rolling, thus saving both in fuel and time. 
Although mills of this t are more costly at the 
outset than the old-fashioned English mill, the cost is 
very soon saved by the amount of extra work that is 
turned out, and the better finish that is ultimately given 
to the material. 











Fie. 6. View or Station PLAaTrorss. 


By using a breaking-down mill of this type, the 
material is in a much better condition when it comes to 
the finishing mill, so that a far better finish and polish 
can be given to the surface of the sheet, or strip that 
is rolled by the nickel chrome steel rolls. It has 
not been possible up to the present to get a chilled iron 
roll of really uniform hardness, nor of a de of 
hardness anything approaching that obtained on a 
hardened steel mckel chrome roll. The scleroscope 
hardness of the chilled iron is from 60 to 75, which 
represents a high average figure, whereas with the 
hardened steel nickel chromie roll a a 
reading of from 100 to 106 is quite usual, and t 
rolls are uniformly hard from end to end. In the 
chilled iron rolls blow holes are constantly found beneath 
the surface, which after a short time of working allow 
the surface of the roll to give way. With rolls manu- 
factured on the new principle this cannot occur, owing 
to the homogeneity of the steel, and to the fact that 
the middle and necks of the roll are all of the same ten- 
sile strength, the barrel of the roll only being hardened. 
The finishing mills which are made in all sizes from 4 in. 
to 18 in. are being supplied either motor driven, or 
belt driven with rolls up to any length required, and 
the breaking-down mills run from 20 in, to 24 in., also 
with rolls up to any length. 

The company are making these mills to standard 
designs, which can be modified to meet the require- 
ments of metal rolling firma who have special ideas 
of their own, and in this way meet_the ‘needs of any 
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particular industry. As a result of this system of 


eee ain all parts of their rolling mills, and any 
spares should be readily obtainable at short notice. 

he company have given up a large portion of 
their armour plate plant, both in the machine 
shops and treatment shops, to the manufacture of 
the rolls and to the machining and erection of 
the mills, 





NOTES ON NEW BOOKS. 


“ Asbestos” is the title of a book by Mr. A. Leonard 
Summers, recently issued at the price of 2s. 6d. by Sir 
Isaac Pitman & Sons, Limited, 1, Amen Corner, E.C, 4. 
In this, the author states that “ next to coal, asbestos 
is now undoubtedly the most im t of the non- 
metallic mineral products of the world . . .” 
Leaving aside petroleum which it may be unfair to the 
author to quote, also Cauxite, the aluminium ore, 
there are to our mind many other rfon-metallic mineral 
products which are much ahead of asbestos in im- 
portance, such, for instance, as limestone and the 
various clays and sands, all of which render possible 
nel a tions of every description. The 
use of as or industrial purposes is shown by the 
author to be quite modern history. He refers briefly 
to the preparation of the crude asbestos and enlarges 
upon the advantages offered by engine packings of 
which this product forms the largest constituent, and by 
boiler and pipe coverings made of asbestos. Special 
chapters deal with other miscellaneous uses of asbestos, 
with thetic materials such as “ ralite,” 
“‘ litholite,” &c. book would appear to come none 
too soon, since in the words of the author, “. . . 
a great portion of the public has never heard of asbestos, 
and I have actually been asked if it is a species of fish !” 
For this reason, our readers, like we, will hope that it 
may have a wide circulation. 





When an annual work of reference has reached its 
thirty-third year of issue there can be little doubt 
that it is generally appreciated by the class for whom 
it is intended, though it may be questioned whether 
the later editions differ materially one from another. 
A certain amount of the tec data found in such 
publications is necessarily of a permanent character, 
so that it —_—. without alteration from year to > 
but much o' i) segiienesenstel soviion So heép 1 op 
to date. Although this work is not always carried out 
as thoroughly as it might be, 
thet Seon tee ee 
‘“* Mechanical World Year i 


J 
4 
: 
: 


recently come to hand for t 4 
entirely new sections, one dealing with water 
hydraulic work and the other relating to 
and evaporation of liquids, have been 
1920 edition of this The former section incl 
some useful diagrams which give the friction of 
in pipes at a glance, and also contains extensive 
and data on pumps and pump fittings, the applications 
of hydraulic power, hydraulic accumulators and presses, 
and other cognate matters; while the other section 
contains information on feed heaters, evaporators, &c. 
Additions have also been made to the section devoted 
to compressed air and also to the tables of screw 
threads, while the matter generally has been revised 
and brought up to date wherever such revision was 
necessary. Other sections of the book deal with steam 
engines and boilers, internal-combustion engines, 
materials, structures, power transmission, machine 
work, &c., notes, tables and data being included on 
these and other subjects of interest to engineers. The 
rm of the book is 2s. net, and it is published by Messrs. 
mmott and Co., Limited, who have offices at 65, King- 
street, Manchester, and 20, Bedford-street, London, 
W.C. 2. It is bound in red cloth covers and contains 


a diary for the year in addition to the notes and 
data. 


1 
oie 


i 


Of the many year-books and annuals which now 
appear in such abundance the “ British Journal 
Photographic Almanac” is probably amongst the most 
sought after because of the ever-widening field of appli- 
cation of ee es this is so even in 
engineering establi ts whch have work ranging 
from the millions of blue-prints to the pictures from the 
laboratory of the photo-microscopist. The principal 
article ‘belpfel ee of the Almanac for 1920 deals in 
a very way with beginners’ failures in photo- 
en en ae 
various standard and proved formule which are given 
are quite up to date and the numerous tables referring 
to chemicals, exposures and optics make the book a 
Se ke Gee 
es ee pursuits. It is published , | Feary 

wood & Co., 24, ellington-street, 


Strand, London, price 1s. 6d. in cover 2s. 6d., 
loth t ; 7 Price paper and{, 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
DECEMBER /9/9. 


JANUARY 1920. FEBRUARY 1920. 











Tue tate Mr. Cuaates H. Hanps.—We regret to; the Engineering and National Employers’ Federation. 
read in The Birmingham Post of the death, on February 27, | As chairman of the ironfounders’ section of the federation 
of Mr. Charles H. Hands, of Edgbaston, Birmingham, a| he conducted the whole of the ations locally on 

. J Hands and Sons, Belmont-row, | behalf of the employers during the recent moul 
of the oldest ing firms in Birmingham. | strike, and atten the various conferences up to the 


[ 
; 





one 
Mr. Hands was a mem of the Management Board of ' settlement of the dispute. 
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MARINE AND STATIONARY INTERNAL-COMBUSTION ENGINES. 


CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, ENGINEERS, BASINGSTOKE. 





Fia. 


Ly the figures on this we illustrate two of the 
engines which are to be exhibited at the Motor Boat 
and Marine and Stationary Engine Exhibition, which 
will be held at Olympia from the 12th to the 20th inst. 
Messrs. John I. Thoryoroft and Co., Limited, of 
Basingstoke and Southampton. Messrs. Thornycrofts 
exhibit at the show is to comprise a 45-ft. motor 
cruiser and a 28-ft. motor lifeboat—as well as a con- 
siderable assemblage of engines of different types. 
Some of this further material we will doubtless have 
occasion to refer to after the opening of the exhibition. 
Of the two engines we illustrate, that shown in Fig. 1 
is the firm’s Z 6 type marine petrol engine. The six 
cylinders are each 4 in. diameter by 7 in. stroke, and 
the engine gives 56 brake horse-power when running at 
1,000 r.p.m, and 70 brake horse-power running at 
1,375 r.p.m. The engine is designed for high-s 
boats in which the weight per horse-power must be kept 
down to reasonably low limits, but without too light a 
type of construction being indulged in. The weight 
of the engine is 9{ cwt., of the reversing gear 3} cwt., 
and of the stern gear | cwt. The average fuel con- 
sumption under normal working conditions is 5 gallons 

r hour, and the guaranteed 2 gree ogy on brake 

orse-power test is 0-9 pint per brake horse-power 
at full power. The engine was adopted during the war 
as the standard type for the ver ne tenders of the 
R.A.F. 

The engine has cast-iron éjtiadens and pistons with 
connecting rods made from stampings, and bushed at 
the lower ends with gun-metal lined with white metal. 
The crankshaft is of mild steel and the timing wheels 
are of mild steel and phosphor bronze, with an inter- 
mediate fibre wheel. The camshafts are of mild steel 
ground all over, and the cams are case-hardened. The 
valves are of nickel steel. The engine and reversing 
gear are mounted together on machined Z-bars to 
seoure accurate alignment. Ignition is by high-tension 
magneto, a coil and battery being fitted as a stand-by. 
Water circulation is ry y gear pump, and forced lubrica- 

f valve agp of soo i Sted 
of the oil ee and a is fitted. 
The pein Lewy is pa r andt the Sfaniha can be 
fitted at 

The engine shown in Fig. 2 is the firm’s C. 4 type 
ee gale or ediia deta em: 
lightin » we and portable 

pcm Fg: ioe ur cylinders, @ in. bore by 8 in. 
stroke, and ; suitable for running either as 
or petrol. With paraffin the output is 47 brake horse- 
power at 750 r.p.m., and with petrol 53 brake horse- 
power at the same revolutions. When running 


pre engine is started Lor by © Inmp. 
ibd & eek tx cna ie aan fag = 
about 10 minutes before a change-over is od to 





1. 70 B.H.P. Srx-Cytinper Perrot Marine EnaIne, 














paraffin. To start on paraffin the blow lamp is used} those of the Z. 6 type described above, and it is there- 
on the vaporiser for about 10 minutes The guaranteed fore not necessary to repeat them. 

consumption of the engine on brake horse-power test 
is 0-85 tb. paraffin per brake horse-power at full load| THe Mepway.—A paper by Mr. R. F. Brain, read 
and 0-75 Ib. petrol. The engine is fitted with a centri- last year at the twenty-first Re iticy m of the 
fugal governor which maintains a speed variation of Medway District Chamber of Trade, on —_— edway,” 
on | less than 5 per cent. ne. to three-quarters full load, | #, 207. obtainable in pamphiet form. ag and ~ 
Water circulation is amp and lubrication | feecetgr gy Seca fie < aid peer — a Sa: 
by pump with sight” feed. 1 "ke 


upon ular, and points 
materials; of con-| out the advantages ros c= id be i in developing these 
struction of the engine do not differ materially from | industries. 
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0-10-0 TYPE SUPERHEATER LOCOMOTIVE FOR THE MIDLAND RAILWAY. 


CONSTRUCTED TO THE DESIGNS OF SIR HENRY EOWLER, K.B.E., CHIEF JMECHANICAL ENGINEER, DERBY. 








A new 0-10-0 type locomotive, designed by Sir 
Henry Fowler, K.B.E., and recently built at the Midland 
Railway Company’s works, Derby, is illustrated in 
Plates XVII and XVIII and on the present page and 
page 314. This engine possesses many unusual features. 
It has been designed for work on the Lickey incline, 
Bromsgrove, on which the gradient is 1 in 37-7. Origin- 
ally it was proposed to build a 0—-10-0 type of tank engine, 
but this was abandoned in favour of a tender engine 
which allowed greater boiler capacity without excessive 
wheel loads. The designs for the engine illustrated 
were prepared prior to the war, but the construction 
was deferred till recently. 

Figs. 1 and 2 on Plate XVII, give respectively a sec- 
tional elevation and plan of this locomotive. Figs. 3 
and 4, Plate XVIII, give the leading dimensions, weights 
&e. Fig. 5, on the same plate, gives on the left-hand 
a section through the cylinders, and on the right a half- 
end elevation at the front. Fig. 6 shows on the right- 
hand a half elevation at the trailing end, and on the 
left hand at half section through the fire-box. Figs. 
7 to 10 give details of the motion while Fig. 11, on 
the present page, is a general view of the engine, and 
in Figs. 12 to 15, page 314, are shown views of the 
cylinder castings. 

The boiler is fitted with a superheater of the usual 
Midland pattern, having 27 sets of elements. The 
fire-box is 10 ft. long, and has a grate area of 31} sq. ft. 
The boiler barrel is 5 ft. 3 in. diameter, and 14 ft. 
long. It will be observed from the drawings that 
the fire-box is tapered in two directions, the crown 
sloping downwards toward the back, and the sides 
inwards in the same direction, the back plate being, in 
fact, similar to those used on the company’s compound 
expressengines. Four 3}-in. safety valves are fitted, set 
to blow off at 180 Ibs., though the boiler is designed for a 
working pressure of 200 lbs, The boiler is fed by two 
hot water injectors, and special provision is made for 
warming the water in the tender by utilising steam 
which would otherwise be blown off at the safety 
valves, 

There are four cylinders, 16}-in. diameter by 28-in. 
stroke, These are cast in pairs (see Figs. 12 to 15) 
one steam chest to each pair, and bolted together. The 
interesting feature of the cylinders is that cross ports 
have been introduced, which make it possible for one 
piston valve to supply both cylinders on one side of 
the engine. This is clearly shown by the photographs 
Figs. 12 and 13, from which it will be seen that the front 
piston valve head serves the front port of the outside 
cylinder, and the back port of the inside cylinder, and 
vice versa, The covers at the back and front of the 
cylinders are the same diameter, which enables the 
cylinders for both sides of the engine to be cast off one 
pattern. The piston valves are 10 in. diameter, and 
are driven by Walschaert’s motion, the cut-off in full 
gear being 75 per cent. The following are particulars 
of the valve gear :— 


Throw of lazy crank 7} in. 
Angle of lazy crank 88 deg. 
Outside lap of valve om ¢ in. 
ide clearance of valve... + in. 
Cem of die— 
op «+» fin. ok vs in. 
Bottom ... --- gin. + J, in. 
Slip of die— 
op nes in. 
Bottom ... in. 


From the drawings it will be seen that all the con- 
necting rods drive on to the middle axle. The incline 











Fie. 11. 


is 1 in 7 to the horizontal, and the intermediate leading 
axle is cranked to clear the inside connecting rods, 
Mechanical lubrication is provided, both for the 
cylinders and axle-boxes, Midland lubricators being 
used, The engine is fitted with steam reverse gear, 
the steam and water cylinders being fixed to the frames 
close to the reversing shaft, and operated through pipes 
and valves on the footplate. Owing to the severe 
gradient on the Lickey incline, it is imperative that 


ample brake power should be available, and from the i 


drawings it will be noted that all the wheels are braked, 
the front three pairs being operated by a steam cylinder 
and shaft placed just behind the driving axle, and the 
two hind pairs of wheels by a cylinder and shaft placed 
under the drag-box. In addition, owing to the com- 
paratively light tender, a hand brake has been fitted 
on the engine, and this acts on all wheels. 

The following are the leading dimensions of this 
engine and tender :— 


LoooMOTIVE. 


Cylinders, number Four. 
Cylinders, diameter ... 16} in 
Cylinders, stroke 28 in. 
Piston valves avis Outside admission 
Piston valves, diamete ae 10 in. 
Valve motion... oes ase Walschaert. 
Wheels, diameter... 4 ft. 7} in. 
Boiler band, diameter 5 ft. 3 in. 
Boiler band, length ... 14 ft. 
Fire-box width, outside 4 ft. $ in. 
Fire-box length, outside 10 ft. 
Tubes, length... ° 14 ft. 43 in. 
Tubes, diameter 1 in. and 5} in 
Tubes, 1% in. number 147 
Tubes, 54 in. number 27 
Heating surface, fire-box 158-25 sq. ft. 
Heating surface, tubes 1560-0 aq. ft. 
Heating surface, total 1718-26 sq. ft. 
Superheater surface ... 445 sq. ft. 
Grate area... ene 31-5 sq. ft. 
Designed boiler pressure 200 ib. per sq. in. 
Working boiler pressure 180 Ib. per sq. in. 


Tractive force at 85 per cent. 
boiler pressure... wwe 
Weight of engine in working 
order oes eee --» 73 tons 13 ewt. 1 qr. 
TENDER. 


43,312 Ib. 


Tank capacity 2,050 gallons. 
Coal capacity... 4 tons. 
Wheels, diameter 4 ft. 1 in. 


Weight in working order ... 31 tons 11 ewt. 2 qr. 
LocoMoTIVE AND TENDER. 
Total weight in working order 105 tons 4 cwt. 3 qr. 





THE TRAINING OF SHIPYARD 
APPRENTICES. 


To Tae Eprror or ENGINEERING, 
| 


Sm,—I have read with able int t the 





industrial welfare of this country, on account of the 
great importance of these industries. 

There is no doubt that the technical and trade educa- 
tion of apprentices in the shipbuilding and engineering 
trades is at present in a most unsatisfactory condition, 
and indeed it is no exaggeration to state that it is hope- 
lessly inadequate to meet the needs of the present time. 
It has long been recognised by those who have given 
thought to the subject that the present system of 
Rd een to any given trade in most of our large 
industrial establishments is not producing the type of 
efficient young journeyman required, With the increase 
in size of modern industrial establishments and the 
consequent large number of apprentices employed, the 
problem of superintending the training of the appren- 
tices has grown beyond the capacity of foremen ahesty 
burdened with responsibilities for the working of their 
de ment. Too often is it the case that from the day 
a lad starts to serve his apprenticeship till the end of 
his five years it is;nobody’s business to see that he is 
pate ge! instructed‘in the work of his trade, and that 
such skill and knowledge as he may uire during the 
five years of his apprenticeship are entirely due to his 
own observation and effort. Information gained in this 
way is undoubtedly of the very highest value, but 

ortunately there is no guarantee that the information 
so acquired is sound theory or good practice, and in any 
case there is no or memepe ed whatever for allowing 
apprentices to s years picking up scraps of infprma- 
tlon—-often of Roubtful valus—eslehive to chet’ eno 
when correct information could be easily imparted to 
them in a very short time by a competent instructor. 

The necessity for a higher degree of technical training 
and a broader general education is now very generally 
accepted by employers, and in a number of cases earnest 
effort has m made to provide this within the works. 
The provisions of the new Education Acts carry the 
matter a stage farther, for under these Acts the age and 
scope of education are considerably extended and ar. 
made compulsory up to the age of 18. That such an 
extension of the available education facilities will 
ultimately prove of immense benefit to the country 
cannot be doubted, but the grafting of a scheme of 
such complexity upon the existing industrial organisa- 
tion naturally calls for a large measure of earnest thought 
and probably a considerable rearrangement of exist 

ractice, in order that the minimum disturbance ot 
industry may be caused. 

The case of shipyards is considerably more difficult 
than engine works, due to the fact that a large number 
of trades are involved, also to the fact that in the case of 
riveters the rivet heater is an essential part of the 
squad, and can rarely be dispensed with without throwing 
the whole squad out of work. In this case it seems 
probable that the provisions of the new Act will eliminate 
rivet heaters under the age of 18 years, except in the case 
of squads of apprentice riveters, where the riveters are 
themselves under 18 years of age. Difficulties such as 
the above are bound to arise in many trades, and in the 
case of many small firms who are largely dependent on 
apprentices for turning out their work. Thus a broad- 
minded “e of co-operation between employers and 
the Education Authorities entrusted with the 
administration of the new Acts will be essential to the 





Report of the Committee of the Institution of Naval 
Architects on the Education and Training of Apprentices 
in Shipyards and Engine Works, and your summary of 
it in your current issue. It is a subject of first-class 
importance, and I hope you will encourage discussion in 
your columns, ally on that phase of the 

which concerns the means of overcoming the difficulties 
which will arise in meeting the provisions of the new 
Education Acts without seriously interfering with the 
conduct of shipyards and engineering works. As to 
this part of the problem, the report of Sir John Biles’s 
Committee gives no guidance. The general question of 
the education and training of apprentices is of import- 
ance not only to employers and workers in the industries 
concerned, but also to all concerned with the future 








of the scheme. 

The recommendations of the Committee of the In- 
stitution of Naval Architects form a striking illustration 
of the broad-minded and progressive spirit in which the 


princi employers of labour in these industries have 
consi t question, and notwithstandi your 
summ of these, I think it is essential to a fall and 


candid criticism that they should be givenin full. They 
are as follow :— 

(1) That it is desirable to have an indentured system 
of apprenticeship, where practicable, or at the least a 
definite understanding between all the parties concerned, 
involving direct obligations on both sides, viz., on the 
part of the apprentice to learn his trade (in the broadest 
sense of the term), with diligence and application, and 
on the part of the employer to teach the apprentice his 
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trade and assiat him in every props way to continue 
and improve his éducation during apprenticeship. It 
should borne in mind that facilities must be given 
for apprentices to attend day classes during apprentice- 
ship in accordance with the provisions of the new Educa- 
tion Acts. 

(2) That the selection of apprentions shall, as far as 
practicable, be made on the basis of results of their 
previous school education, so that the boys may be 
apportioned to their respective trades, ig regard 
to their physical and intellectual abilities. this - 
nection, the assistance of local committees (as already 
exist in some localities) on which employers, employees, 
and education authorities are represented y be 
sought. 

(3) That apprentices should be under the specific 
care of a supervisor of apprentices, inted by the 
employer to pee the “ae and education of - 
apprentice. , this appointment might 
made by gro > at to or em a ag Practical 
instruction should be to apprent by selected 
employees, facilities given to the ices to 
learn their respective care being to avoid 
over-specialisati Employers should take-an active 
part in the direction of the apprentices’ education outside 
working hours. a ne 

(4) appren- 
tices (now mostly under 16), wi to the new 
tducation Act, be greatly reduced in the future, and as 
these boys will be y of a more age and 
of a higher standard of education than hitherto, it is 
desirable to give them an opportunity of becoming 
equations or of taking some satisfactory and permanent 
place in the industry. 

(5) That facilities should be 
one boy who desires to do so can change , 
subject to his progress in school and works being satis- 


facto: 

-(6) Tiaat facilisi and assistance oon be ery) be 
the t qualified a) mtices, judged by their school an 
works records, to Tbe a recognised tn Prasat course in 
naval aa, oe i 
counting as part of their a ticeship. 

(7) That facilities shoul i aiven to boys who remain 
at school after the of 16 to enter the works as appren- 
tices. These facilities should admit of their readily 
taking part in the scheme for following a university 
course as indicated in Clause 6. 

(8) That wherever possible the Consaepaeens of the 
social or civic side should be encouraged by the forma- 
Pei of apprentices’ clubs, as already established by some 





vided whereby only 
ad his trade, 


ing, the time so spent 


rms. 

That there should be a definite agreement between 
apprentices and employers as to the duties of each party 
preter (ney gnc period, and that such agreement 
should be loyally carried out by both parties is obviously 
the first essential to the success of any scheme for the 
improvement of the education and practical training of 
per oytiy As has already been said, the majority 
of works at the present time make little or no attempt at 
systematic training or instruction during working hours, 
and it is unfortunately equally true that a v large 
proportion of apprentices make no effort to avail them- 
selves df the benefits of the evening classes which are at 
present carried on for their benefit. The provisions of 
the new Education Acts make provision for day time 
instruction of lads during their apprenticeship, and the 
manner of onsvme, ost this F  ipeseeus will require the 
most serious consideration. The question whether the 
instruction should be given in each works, or whether 
several works should combine to establish a school of 
instruction clear of the works and run in association with 
the local Education Authority will probably be decided 
by district requirements, but there does not seem to be 
any doubt but that practical trade instruction should 
in all cases be carried out in each work under a competent 
instructor. 

With regard to the selection of boys for apprenticeship 
it has been found to be a good plan to hand all applica- 
tions to the welfare supervisor for investigation as to the 
fitness of the tte tu and his physical suitability for 
the job selected. In this way many errois of judgment 
in the selection of a trade are discovered and corrected 
before valuable time is lost to the boys. The appoint- 
ment of a supervisor of apprentices, unless his function 
be limited to instruction clear of the shops, is apt to lead 
to somewhat serious friction between the supervisor 
and the head foremen of di ments. Where the 
apprentice comes under the authority of a works fore- 
man, as he is bound to do in working his way through 
the shops, any interference on the part of the supervisor 
is naturally resented and the resultant friction does much 
a the efficiency of the training scheme as a 
whole. 

In the matter of social welfare work the supervisor 
can be of very great assistance, and where he is competent 
to do so he might conduct lectures on technical subjects 
to the apprentices clear of the workshops, but it will 
probably be found that the best results be got when 
the functions of the cupervioes and those responsible for 
shop organisation an production are clearly defined, 
so as to avoid the possibility of divided authority in the 
case of any a oo 
sinting Guaued Rr slack ing his trade are as a rule 

ily gran y employers, but investigation by the 
welfare my pred + og to a boy starting his Bars 
would in all probability very considerably reduce the 
likelihood of an initial mistake in selection of a trade. 

The = recommendations of the committee 
deal broadly with the moan f for the provision of 
facilities for higher education of youths of o i 
ability, and are entirely to be commended. In a 
the findings of the committee give a plain indication that 
employers are willing to their part in assisting in 
the improvement of the educational facilities of the 
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worker, and it would be of interest and benefit to have 
some assurance that the trades unions are equally willing 
to lend their aid in furtherance of this most vital object. 
Yours truly, 
‘‘Garpyarp MaNnaGer.” 











NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—The shortage of material referred to 
piety in connection with the local staple trades 
become much more pronounced during the last two 


or three weeks. Although the furnaces are producing 
much more basic than formerly, and of forge 
and fo have in consequence dimini deliveries 
of basic short of requirements, and a 
inconvenience is experienced, ly 

rolling mills. Se Streak ed date t 
engineering , work has been impeded to a 
degree that manufacturers have been ob! to resort 
to the use of Siemens steel where been 


situated in more distant parts are asking still 
higher . The demand for hematites is much in 
excess.of the available tonnage. West Coast makers are 
asking 12/. 178. 6d., and Coast makers 111. 15s. 


There is ens scarcity of finished iron. 
the bar mills is booked up on contract accounts for nine 
months ahead As much as 331. is being paid for early 
deliveries of bars. A feature of the overseas demand 


is the revival in crucible steel. Italy, France and 

ium have greatly increased their uirements 
8) id trade with America in high-speed steels is still 
in ascendant. Tool-makers have plenty of orders, 


the 4 
but are held up for lack of material. 


# South Yorkshire Coal Trade.—The position has some- 
what improved, following the maintenance of increased 
one at the pits, though house-coal merchants are 
still sadly in arrear with orders. Deliveries to iron and 
steel works are barely sufficient to meet current needs. 
In quite a large number of cases works are having to 
draw on emergency stocks. Public utility concerns 
report improved deliveries, though their s have not 
yet reached the safety margin. Cokes of all descriptions 
are in strong demand. Maximum prices are the eral 
rule. Quotations :—Best branch hand-picked, 23s. to 
24s.; Barnsley best Silkstone, 23s. to 238. 6d.; Derby- 
shire best brights, 21s. to 22s.; Derbyshire house coal, 
188. 6d. to 198. 6d. ; Derbyshire best large nuts, 18s. 6d. 
to 19s. 6d. ; Derbyshire small nuts, 27s. 6d. to 288. 6d. ; 
Yorkshire hards, 28. 6d. to 29s. 6d. ; Derbyshire hards, 
288. 6d. to 298. 6d.; best slacks, 24s. to 258.; nutty 
slacks, 23s. to 24s. ; smalls, 19, to 208. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrppLesBRovueH, Wednesday. 

The Cleveland Iron Trade.—Values of Cleveland pig- 
iron are unaltered, but as makers have practically none 
to sell quotations are of little moment. Shortage of 
supply is reported more acute than ever. Buyers would 
really welcome higher prices if such action would release 
iron, but little hope can be entertained of any material 
improvement of supply in the near future. ome and 
foreign demand is as insistent as ever, and customers 
in certain quarters abroad are prepared to pay pheno- 
menally high rates. For home consumption, No. 1 is 
182s. 6d. and No. 3, as well as the lower qualities, is 
175s. ; and for shipment to France, Belgium and Italy, 
the former is 187s. 6d. and the latter are 180s. Any 
Cleveland iron available for sale to other destinations 
abroad readily realises at least 230s. 


Hematite Iron.—Dearth of East Coast hematite is very 
were em, and as recognised market quotations are 

eclared to be altogether unremunerative, producers are 
— disinclined to sell. Nominally, No. 1 is 222s. 6d. 
and mixed Nos. are 220s.; and the quotations are 
232s. 6d. and 230s., respectively, for export to France, 
Belgium and Italy. 


Foreign Ore.—Values of foreign ore are still ascending. 
Sellers are in a v strong position and confidently 
antici) substantial business at high rates. Freights 
are stiffer, and tonnage is difficult to arrange. With the 
market quotation for best rubio 50s. to 51s. on the 17s. 
parity a Bilbao-Middlesbrough, the ex-ship Tees 

rice of rubio may be put at 72s. to 73s., as the freight 
rom Bilbao is 39s, 

Coke.—Coke very scarce and stiff. Average blast- 
furnace quality 50s. 6d. at the ovens, and low phosphorus 
sort 53s. at the ovens. 


Manufactured Iron and Steel.—Very little new is 
ascertainable just now concerning fini iron and steel. 
The various branches are chock full of work, and there 
is very great congestion at many yards, due chiefly to 
the serious shi of wagons. Business is almost at a 
standstill, manufacturers being so busily engaged 
endeavouring to fulfil obligations they are already 
pe pegs to, Se Se — a = a ion 

very large volume of trade offering. The following 
minimum quotations are for home trade :—Common iron 
bars, 241.; marked bars, 261. 10s.; steel ship, bridge 


and plates, 21/.; steel boiler plates, 261. 10s. ; 
steel angles, 20/. 10s. ; ing steel ( ), 172. 5s. ; 
packing steel (tapered), 21/. 10s. ; s joists, 202. 10s. ; 


soft steel billets, 20/. 10s.; heavy sections of steel rails, 
19%, 15s.; fish plates and sleepers, 241. 5s. ; 





galvanised, corrugated sheets, 50/. to 53/. 


. to keep their establishments running. 
a. onl as 


Shipments of Iron and Steel.—Shipments of iron and 
steel y a the port of Middlesbrough during the month of 
F were on a better scale than was at one time 
looked for, totaling 56,637 tons, of which 11,374 tons 
went coastwise and 45,263 tons went abroad. Last 
month’s clearances comprised 41,966 tons of «pig-iron 
of which 9,375 tons went coastwise and 32,591 tons went 

1,562 tons of manufactured iron, of which 

15 tons went coastwise and 1,547 tons went abroad ; and 
13,109 tons of steel, of which 1,984 tons went coastwise 
and 11,125 tons went abroad. The largest receivers of 
ig-iron were jum, 12,358 tons; Italy, 6,548 tons ; 
t of Scotland, 5,560 tons ; epeenes. 808 Sone x ——. 
2,410 tons; and France, 2,149.tons. As usual, ia 


was the t customer for both manufactured iron 
and steel, ing 382 tons of the former, and 5,059 tons 
of the latter. 





NOTES FROM THE NORTH. 


The output has been barely equal to the 
requirements of consumers who at times have been a 
on- 
prevail at the present time ;have never 
existed before, and itjis interesting to note that not 
only is the total output}for the next few months already 
sold, but buyers have greatest difficulty in getting 
makers to book forward requirements. The desire on 
the part of the latter is to get a lot of the present orders 
cleared off before entering into fresh engagements. The 
pressure for ship plates is indeed very heavy, and several 
shipbuilding y have had occasionally to slow down 
owing to shortage of plates, &c., but some of American 
manufacture, purchased by the Government during the 
war, having recently been secured by builders have helped 
considerably at a time of great scarcity. Boiler plates 
a demand, and sectio material which 
was 7 y offered not very long. ago is now,the 
subject of much activity. Makers of black steel sheets 
continue very busy and heavy order books are eral. 
Prices have advanced sharply, the Black Steel Sheet 
Association having announ last week that all orders 
on hand will be advanced by 70s. per ton, and that new 
business will be the subject of negotiation when buyers 
bmit specifications he basis priceyis now 33/. per 
ton, net, f.o.t. works, and it is just early enough yet to 
see if this high quotation will have any effect on buying. 
The export side of the steel trade,is extremely quiet, but 
inquiries for all kinds of material are very numerous, 
on buyers are even willing to pay respectable premiums 
to secure deliveries. Producers are so busy with home 
business that they are unable to entertain overtures for 
shipment lots, with the result that very little is going 
through on export account. 





Malleable Iron Trade.—No change falls to be rted 
in the malleable iron trade of the West of Sco , and 
much activity prevails at the various works. Most of 


this is on home account, and owing to the very pressing 
demand of the home trade many rather tempting wieese 
orders are not receiving much consideration. The 
position at the moment is that makers can actually 
pick and choose for themselves. Pig-iron scrap having 
reached a very high level of price it was fully anticipated 
that bar iron producers would have further raised their 
prices before now, but it has been agreed to make no 
alteration meantime. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there has been no falling-off in demand, and with all 
grades of iron very scarce there is no difficulty being 
experienced in owns of outputs. Foundry iron is 
particularly active, in order to secure supplies 
consumers are willing to pay a high figure, but producers 
continue the rationing system in order to keep everybody 
goi Prices have now reached a new record, and 
No. 1 foundry iron is quoted at 12/. 5s. per ton and 
No. 3 at 12/. per ton, net, f.o.t. blast furnaces, for home 
consumption ; while for export the prices are, No. 1 
132. 5s. per ton and No, 3 13/. per ton, net, f.a.s. Glasgow. 
Owing to the shortage of vessels on the inward ore 
traffic producers are often short of supplies, and 
as very high freights are now demanded current quota- 
tions are naturally — stiff. Hematite iron is not over 
plentiful and the | steel works are consuming large 
quantities. Prices have been very firm of late, and last 
week the Scotch ironmasters advanced the price by 
17s. 6d. per ton for March delivery. The present 
quotation is now 12/. 10s. per ton, delivered at the 
local steel works. 


Scotch Shipbuilding.—The Scotch shipbuilding returns 
for the past month are both interesting and encouraging. 
and prove the fact that a great amount of work had been 
booked after the armistice. The yards are all busy, 
and about the only drawback is the shortage of supplies 
of steel and other materials. Given a plentiful supply 
of these, and freedom from industrial troubles, there is 
little doubt but that a new tonnage record could easily 
be put up for this year. Turning to the output for 
February we have the following figures :— 





Vessels. Tons. 
The Clyde .. eee neo? 32,729 
The Forth... sé bed 1 4,650 
The Dee, &c. a a 4 1,086 

Total 20 (88,465 


These figures compare favourably with the same month 
in previous years, and are a fair average. The Clyde 
total is rather under that for January, but when the 
two months are added together we have a total of 
25 vessels of 72,639 tons, which, in recent has 





ont years, h 
only been bettered on two occasions—in 1912, with 
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83,135 tons, and 1907, with 79,409 tons. The launches 
during the first two months of last year made 42,639 tons, 
while for the record year of 1913 the total was only 


313 
6) *“*A Model for re the Constitutio f 
MW. — n oO 


ernary Alloys,” b D.80., 
F.R.8., Vice-President m); (7) “Tin 
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yi 
56,805 tons, so that the for the/present year are} poe Insrrrutt ——s Alloys,” Mr AO. vian, B.A., A.R.S.M., 
well over the av urbine steamers were not a Friday, March 5, ee eijcunel Aan Gannett Moser Ueondos), (8 (3) Eh Notes on the Hffect of 


feature ee ut last io which makes a difference 
from January, but gen steamers of 
good average size formed c'the bulk of = month’s work. 
ew contracts have not been very numerous, but 
several ‘interesting orders have been booked. 


Meeting; alterations of, and additions to, -laws. 
— ee ue a AAvet> in ‘Utifloetion 
of Water-Power,”’ . Eric M. Bergstrom, of 

> gs London, 


oe. = gd Mr. W. C. Hothersall, 
M.8c.Tech., and 7 AS Member 
(Manchester); (9) ‘The Effect of Progressive Drawing 

of Commercially Pure 





Tae Insrrrvrton or Locomotive ENGINEERS A wet «The ag +t Cold k : eee 
== (Lonpon).—Saturday, March 6, at 2.15 p.m., in Room on ph of Copper,” oy Mr. ¥. Jobeion, 
NOTES FROM THE SOUTH-WEST. No, 1, Caxton Hall, Westminster, « paper by Mr, H.|M.Sc., Member (Bi }; (11) “The Study of 


Canpirr, Wednesday. Thermal Electromotive Force as an Aid to the Investi- 


Kelway- Bamber, M.V.O., Member of Council, on “* The 
The Local Coal Markets.— me of the business remains 
use of the 


Waste of Locomotive Power,” will be read and of the Constitution of Alloy Systems,” by Mr. 
\irtually at & standstill beesuse continued pressure | _ INstrrurion or Brrrish Founprymen: Lancasuree | 9- lL, Haughton, M.8e., Member (T n); (12) Note 
for inland requirements and the refusal of the cuthorities College | 0? E ¥ 3 5 yd ig RSP saber {Birecten. 
ference | F.C.8., of w-in- Furness, will read a: paper on ham); (13) ‘‘ Idiomorphic of Electro-Deposited 

“ Properties of Cast-Iron.”” [Illustrated by lantern slides, Coppes by Mr. W.E. Hughes. B, A., Member (London) ; 

Cuev Sins: op Thea annual dinner held at the Criterion 
=EAND EnGINEERS.—Moaday, | Restaurant, Chow, W. 1, on Friday, March t2, 
March 8, in the Hall of the Clveland Literary and] at 7.45 p.m. for 8 p.m., under the chairmanship of 
Philosophical Society, Corporation Road, Middlesbrough, i Vice-Admiral Sir George Goodwin, K.O.B 
at 6.30 p.m. ey r, 8. H. Fowles, on ‘‘Power| LL.D. - g 


inland requi 
bunkers, then to bunkers for steamers proceeding abroad 
in ballast, and then to shipments to British coaling My eee 
abroad. After these requirements have been met 
is practically nothing available for export, and thus the 
restrictions of the authorities are tantamount to an 


embargo on foreign business. The docks are crowded , B E Tae Royat Insrrrvrron or Great Barirain.— 
with ship) and, in addition, a large number of steamers me Beaprorp ENGINEERING Soomry.—Monday, | Friday, 12, at 9 p.m., a discourse will be delivered 
ane ei. and Mumbles roads awaiting cargo March 8, at 7.45 — = the Hall of the Bradford] by Mr. W. W. Rouse Ball, M.A. The subject is © String 
notwiths ing that many British vessels have been ts College, 7 @ lecture will be given by ”” Afternoon Lectures, a5 .: Mon 
ordered in ballast to load homeward cargoes. | Mr Quertier, B-Sc., of London, on “The Use of | March 8, Sir John Cadman, KOMG., D.Bon MInst.c. 
Again there is a large number of foreign vessels on time | ©° mpressed Air in Industry. 


on (1) oan. oP Develo —_ of the Miner’s Safety 
Lamp” Professor Arthur Keith, 
MD. LL.D. DS PRB F FR OB. MRT. Fullerian Pro: 

of ’ ” British Ethnology : The Th- 
vaders of England pe el II); Nag yt March 10, 


charter held up waiting cargoes. The coal trade is, as a 
matter of fact, in a chaotic condition and tions are 
practically suspended, as almost the whole of colliery | will 
outputs are earmarked by the authorities and there is 


Tue Iwnsrrrortion or MecHANICcCAL ENGINEERS.— 
and March 8, at 8 p.m., a meeting of the Graduates 
be held at the Institution, Storey’s Gate. Paper, 

“ British Association Threads,’’ by Mr. T. F. ae of 


prestiag nothing av for sale. Indeed, colheries | London, Graduate. Chairman, Professor W. Dalby, | Sir John Cadman, K.C.M.G., D.Sc., M.Inst.C.E., on 
behind with contract commitments and are refusing | F.R.S., Member of Council. Bh mnny = oh and the War” ; Thursda " March 11, 
te vo negotiate further business. rts of coal, fo Tue AssooraTION or ENGINEERING AND SHIPBUILDING meg hy, igs Gold, R.E., D.5.0,, F.RS., 


a y, March 9, at 7.30 p.m., Arts 

vee trom Cardiff, 61, »626 tons from N rt, Building, Liverpool University, Mr. 8. Cae, Wh.Ex., 
¥ tons from Swansea and 42,622 tons from Port |, ** Elementary Calculus,” being the eighth lecture of 
Talbot. Of the — shipment more than 60 per cent./ +1. series. Thureday, March 11, at 7.30 p.m., The 
"/ mys Wage Proposals.—A: jal conf M.I.M Sia Aitine Os Wh wn The Pelanigiel 
ew Miners Wage ls tas conference -~Mech C.E Wh.Ex., on ‘‘ The Principles 

of the South Wales Miners’ Federation held at Cardiff 


+ . -4 and Design of Centrifugal Fans 

this wee! a new movement was inaugurated wi &@ view 

io secure @ revision and unification of the rates of Tas ustrromon or Euroraicat Encrmmsne 
ble to the diff of colli Scorrish CENTRE.—Tuesday, March 9, at 7 p.m., 

Pant ey: to he 8 oo Meeting in the Princes-street Station Hotel, Edinburgh. 

= the pot we a with @ aa oa ante Soli we ree ot Paper : ‘‘ The Protection of Alternating Current Systems 

wages. The Executive Council of the federation |" ee RECT) ne! Contacte ee 

suggested that all the workmen should be classified into | ““® y Membe 

three grades only, but the conference went a step further} THe Junior Iwstirution or ENGINEERS, NorRTH- 

and practically decided that there should be only two | Eastern Szot1ion.—Wednesday, March 10, at 7.15 p.m., 

P y v3 rn 

grades. The actual rates to be fixed for the two classes | Meeting in the Electrical Engineer’s Lecture Theatre of 

were not decided upon, so that the lodges may have an | Armstrong College, when Mr. Moncaster will read a paper 

opportunity of considering the matter in order that the | on “ Electricity for Heating.” 

final decision may,be arrived at when the conference THE AssociaTION oF ENGINEERS-IN-CHARGE.—Wed- 

re-assembles next week. ‘The programme thus outlined | nesday, March 10, at the St. Bride’s Institute. Pa: 

will mean a very considerable increase in the wages of by Mr. L. Aitchison, D.Met., B.Sc., A.LC., on “ he 

the lower paid men and, Sneesiorn. will, if put into Solidification and Crystallisation of Metals.” 


ration, add v tly to t it of 
operanass ery greolly ‘to the present cont of! rae Rovat Soomsrr oF Aurs. —Wednesday afte:noon, 


production. 
t ,| March 10, @ paper on ‘‘Gas in Relation to Indasirial 
The Iron and Steel Trades.—An unauthorised strike | production and National Economy” will ie read by 


of steel workers in the Swansea district, which has race Moo: 

rendered about 18,000 men idle since Monday last, tage 4.30 ond by ar > oe A! Tteafeld, be 

has brought business to an almost complete standstill. D.Sc., D.Met., f° R.S., Vice-President of the Society. : 

‘The tin-plate trade is also suffering from the effects of 

the stop and idleness is certain to increase acco Tue InsriroTion or EL ectricaL ENGINEERS.— 

to the duration of the strike, for the tin-plate works | Thursday, March 11, at 6 p.m., at the Institution of Civil 

cannot keep going without a regular supply of steel bars. , Great Geo treet, Westminster, 5.W. 
otes on y- -Product Producer-Gas Plant 


Meanwhile the demand for plates is not so pressing as it ng %. 

was a short time ago, but as most makers are already for Power Heating,” by Mr. W. H. Patchell, Member ; 

booked up with contracts prices are not appreciably ** Production of Power from Blast-Furnace Gas,” by 
P Mr. 8. H. Fowles, Associate Member. 


ene - nod pe the basis o: Yaa, 748. 6d. for —— 
0Xes, in and sheet bars are at 301. per ton, wi Tue Oprican Socrery.—Thursday, March 
operators disinclined to do business while conditions are Imperial Co! of Science and Xp ing? = 
so unsettled. Kensington, a lecture will be given on “‘ Hand- 
Signaling Lampe.” by Mr. A.C, Aldis, M.A., of | 
bers are invited to exhibit apparatus | H 
or other objects of interest to the society. 


Tue Instrruts oF Merats.—Annual General Mooting, 
on Thursday and Friday, March 11 and 12, in the 
of the Institution of eecpenicel Raga? —T hursday, 
March 11: At 4 p.m., Gene: a of Members ; 
the Report of ,the,Council will ,be presented by the 
President ; the Honorary Treas surer will present his 
Report; the new President will deliver his Ina 
Address. At 6 p.m., the Meeting will be adjourned, 
At 8 p.m. to 10 p.m., ‘the Fifth Report to the Corrosion 
Research Committee will be presented and discussed. 
Friday, March 12: At 10.30 a.m., General Meeting of 
Members ; a selection of pon we Se 
eussed. At 1 p.m., the will be adjourned. 
At 2.30 Pm. General Meeting ¢ of Members, when further 
be read and discussed. At 4.30 ee the 
Ktcoting will bo will be ~ouee toa eS og oy The f 


on “The Me gt (II)”’; Saturday, March 13, Pro- 
fessor Sir J r J.J. Thomson, O.M. LL.D., D.Se., Pres.R.8., 
M.R.I., Professor of Natural Philosophy, on. “ Positive 
Rays” (Lecture LV). 

Tae Jumior Iwsrirotion or Enoineers.—Friday, 
March 12, at the Junior Institution of Engineers, 
Victoria-street, 8.W. 1. Lecturette, “Chain Helico 
Pumps,” by Mr. F. A. Simpson, Member. 

THE ae or MeomanicaL ENGINnEERS.— 

Friday, March 12, Informal Meeting. Subject: ‘+ Coat- 
ing,” introduced by Mr. A. J. H. Fitt, Associate Me.nber. 


Universiry Cottece Enoingerine Society, Uni- 
versity Coniece, Lonwpon.—Friday, March 12, at 
5.30 p.m., Annual Public Meeting in the Botanical 
Theatre at the College. Address by Sir D id Clerk, 
D.8e., F.R.S., on “Coal Conservation. Visitors 





Tue Formation or Spur Wueer Tseta.—In accord- 
ance with a suggestion due to Sir James MeKechnie, 
arrangements have been made for the delivery at the 
Barrow Technical School of a series of special evening 
lectures to apprentices. The second was delivered b 
Mr. J. Lewis, on Thursday, February 26, and dealt wit 
the formation of wheel teeth. The s r treated the 
— for the most part historically, describing the 
v eye hee HF by which the present perfection of gearing 

in motor-car practice and in turbine reduction 
gears had been attained. 





Tae Lare Me. Wii11am Ricsarps WILLIAMs.-We 
regret to have to ahmounce the death, which occurred 
on F 23, at A perenne Fishguard, Pembroke- 
shire, of . William Richards Williams, M.Inst.C.E., 
of ** Balt: ” Littlehampton, late of the Indian 
Public orks Department, and Inspector General 
Public Works Ministry, Cairo, Egypt. Mr. Williams was 
born on July 20, 1866, and in 1 to 1887 he studied 

wm fie the Royal ns OS " mong 4 

, sul uently anes a of the College. In 
1987 1 he was appointed assistant engineer to the Public 
orks Department by H.M. Secretary of State for 
India. He then served a practical course at Vyrnwy 

Waterworks under Mr. G. F. Deacon, chief engineer to 
the Liverpool Corporation. In 1888 Mr. Williams took 
up his appointment in India and from that year 
to 1890 he was em on the construction of the 
Nadrai Aqueduct, Ganges Canal. From 1890 


eng) 
ee Works, Bhagnipur Divisio ., 
Lower See ee On his return to vindia, after 
eight mont! in 1893, Mr. Williams became 
assistant engineer-in-ch arge of the head works sub-divi- 
sions of the Upper Ganges Canal, considered one of the 
most important sub-divisions in the United Provinces. 
This involved considerable a ernengens | in the “a 
tion of water and in the construction and control of 
river Pan torrent-t works, &c. The period oon 
oon. 1894, including the ‘‘Golma”’ 
. “Tn 1900 be Was executive engineer-in-charge of 
the joa or Northern Divisions, Upper Ganges 
Canal, United Provinces, and between 1898 and 1899 
he was executive engineer-in-charge of the 
— orks Division for the repairs to the large 
arora Weir, Lower Ganges River. Mr. Williams then 
held the office of personal assistant to the chief engineer 
and under secretary to the Government Public Works 
by | Department for two years, ending April, 1901, when he 
ee tas ° t Eevntien Irrigation service as 
B.Se., F. pe and Mr. 8 oS a A.L.C. | inspector in charge of the circle of irrigation, Lower 
K. E. Verschoyle, C.M.G., Inspector 
Lower . He "ultimately 
ition. In Mr. Williams be- 
came a member of the Institution of Civil Engineers, 





“James Forrest” Lxorurz.—The twenty-sixth 

“James Forrest’? Lecture will be delivered at the 
Institution of Civil Engineers on Tuesday, April 20, 
at 5.30 Le, by Sir Dugald Clerk, K. E., F.R. 
M.Inst.C the subject being “ Fuel Conservation 
in the United Kingdom.” 


=55 





Farm Tractor Siow age —Entries for the 1920 
tractor trials athe Royal Agricultural 
Society, with w! Mayr we Bostety of Motor Manufacturers 
and Traders are "collabareting, will now be accepted 
up to March 27. Slight alteration has been made to the 
regulations and there are now seven classes instead of six 
as formerly. The revised list of classes stands as 
follows: C 1: Internal-comb direct tracti 
engines not ex 24 h.p., uitable for ploughing 
2 furrows, 10 in. wide by 6 in. deep. Class 2: Internal- 
combustion direct traction es, suitable for ploughing 
three furrows, 10 in. wide by 6 in. deep. Class 3: 
Internal-combustion direct traction engine over 30 h. 
suitable for ploug four furrows, 10 in. wide » 
Sin. deep. C irect traction steam er plant, 
a for ploushian four furrows, 10 in. wide by 8 in. 

cep. Engines to comply with the t Road Loco- 
mene Acts. Class 5: -combustion on 
engine set, with wire rope San, “for plo 
or four furrows, 10 in. , wie tee in. to 
Doub y with the Light Road Looetive, lass 6: 
le steam engine set, with wire rope > haulage for 
three a _— furrows, 10 in. Site 
Sot ly “ih the deg Be 
motive Acts. Clase : lough for 
ploughing not more than four ~gooty ond 
than 10 in. wide by not more than 8 in. deep. 





‘i 


to be submitted in the 
es samy iven : given: (1) “Fifth ie itcnect co the Commenian Bana 
Committee,” by Mr. G. D. Bengough, M.A., D.S8eo., 
Member, Mr. R. M. Jones, M.Sc., and Ruth 
B.Be. (London) ; * Jil “The Action on Aluminium 


Hard .” by Mr. Richard 
Ph.Nat.D., Member, and Mr. Percy Witiae “hae 


three | Member London) ; (3) “The Art of Baw a 
Tensile ,)” by Mr. J. Neil MacLean ( Fy 


i 
ry 
H 


and Kathleen ite 3 B.8c., Member (Teddington) ; 
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CURRENT GENERATION FOR 
X-RAY WORK. 
Txuover the Réntgen rays achieved veritable 


.| triumphs during the war, and X-ray apparatus 


multiplied in numbers and uses to such an extent 


>| that a soldier left his hospital with a sense of in- 
*| justice rankling within him, if his “picture’’ had 


not been taken, while even the engineer now ex- 


*! amines the inside of his materials with the aid of 


the rays, the Réntgen bulb itself regarded as a 
scientific instrument has not received much syste- 
matic study and remains extraordinarily inefficient. 
By raising the potential applied to 200,000 volts 
we can increase the frequency of the radiations, and 
thus in a certain sense, the hardness and penetrating 
power of the rays, while reducing the wave-lengths 
to 0-02 Angstrém unit, that is, to less than 1/100,000 
of the wave-length of visible yellow light. But 
we are yet far from approaching the shortest 
y-rays, with which physicists and medical men 
would like to experiment, though it may require 
something like 2,000,000 volts to produce such 
radiations. We do not know how apparatus 
should be constructed for that purpose. Though 
everybody wants homogeneous rays, no bulb gives 
homogeneous rays, and all Réntgen tubes are 
exceedingly wasteful. The fact mattered little 
during the war, when economy was a secondary 
consideration. To judge by the lavish style of 
X-ray outfits it matters little even now, and X-ray 


"| equipments, portable or not, have indeed become 


so complicated and expensive that the current con- 
sumption is a minor item. But the inefficiency of 
the bulb is inseparable from other imperfections. 

In the early days the Réntgen bulb was excited 
by an induction coil, and the coil was during the 
war first insisted upon by the military authorities 
and is still preferred by many workers. Nearly a 
dozen years ago Dr. H. Clyde Snook introduced a 
transformer outfit, consisting of a rotary converter, 
fed from continuous current mains (later replaced 
by a synchronous motor on alternating current 


Pacx | circuits), a transformer receiving currents from the 
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armature through slip rings, and a rectifier, generally 
a rotary disc with contact arcs. The Snook trans- 
former does much, but it has not realised all expecta- 
tions. Meanwhile the X-ray bulb itself had been 
‘ormed in 1913 by Dr. 
W. D. Coolidge, so that a general distinction is made 


316 | between the old gas bulbs and the new.Coolidge 


tubes. But neither radiographers generally nor 


q | therapists are satisfied with their current generation 
320 | nor with the homogeneity and constancy of the rays 


and their effects. Some prefer coils, others trans- 
formers. They all want high potential; most of the 


323 workers agree that the wave-forms are the essential 
327 | thing, but they are not certain about the milliamperes 
Re- | 8 to which the tubes are rated, or whether a coil 


and a transformer, apparently of the same potential 
and current, yield the same resulte. The physicist, 
medical man and manufacturer do not understand 





one another, and the engineer complains that they 
cannot tell him exactly what they want and demand 
things unreasonable. To promote co-o the 
Institution of Electrical i Réntgen 
Society and the Royal Society of Medicine (section of 
Electro-Therapeutics) held a joint meeting in the hall 
of the Royal Society of Medicine, on Thursday, 
February 26, the meeting occupying the afternoon 
and evening. The discussion of three prac- 
tically might be summarised under the heeding 
“Coil versus Transformer.” 

The trouble and want of understanding may 

largely be attributed to difficulties of measurements, 

ee, Ene Oe corepeeiien ot $e eines, 
to whose number the photographer should be added. 
Dr. Reginald Morton, who has for years been 
prominent among X-ray investigators, remarked in 
his paper on the “ ieney of High-Tension 
Transformers for X-ray Purposes,” that “a ‘soft’ 
or low-resistance tube gave off very actinic rays of 
low penetration power. We could increase the 
penetration by raising the volts and also by using a 
‘hard’ or high-resistance tube, but that was 
accompanied by an equal, if not more rapid, 
falling off of the actinism, plates obtained with hard 
tubes being of inferior quality and of little diagnostic 
value.”” That broad statement might perhaps be 
misunderstood. We cannot really say how far 
the blackening of the sensitised plate is a measure 
of penetration. The Réntgen Society recently ap- 
pointed a committee to report on photographic 
densimeters and dosage, and that committee will 
not have an easy task. The penetrating power, as 
roughly understood, does not simply increase with 
increased frequency or reduction ob wave-lengths. 
Our atmosphere is remarkably transparent to visible 
rays, but that penetrating power through gases is 
lost as we pass into the ultraviolet and beyond 
into the region of the Schumann and Lyman rays, 
which are stopped by a millimetre of air at ordinary 
pressure. To study those radiations we have 
hence to work in high vacua, as we have also in the 
case of waves longer than red light at the other 
end of thespectrum. But as we go further into the 
region of short waves, crossing from the Lyman rays 
via an unknown gap over to the y radiations, pene- 
trating power must generally increase again, not for 
gases only; for the swiftest y-rays seem to be able 
to penetrate through all substances. 

Now X-ray tubes give bundles of rays of various 
frequencies. X-raysare produced when the cathode 
rays or electrons hit an obstacle, In the old gas 
tube further electrons were generated by the 
electrons from the cathode striking the molecules 
of the residual gas. In the Coolidge tube the 
evacuation is so high that the residual gas is insuf- 
ficient for the electron-supply; hence Coolidge 
combined the cathode proper with a spiral or 
filament of tungsten heated by a battery (with coil 
excitation of the tube) or by a branch from the 
transformer circuit, and he speeded up the ther- 
moionic stream by applying high potentials to the 
tube terminals. The electrons strike the anticathode 
or target which emits the rays characteristic of the 
target metal, these being the swifter and harder the 
higher the atomic weight of the metal, So far as 
experiments go, the minimum potential required is in 
accord with the quantum relation. But physicists 
have hardly exceeded 200,000 volts, and Major 
W. G. C. Kaye, during the discussion, had 
reason to criticise the inefficient, often chil 
measurements on which many X-ray workers rely. 
Nobody actually measured the volts across his tube, 
Dr. Kaye remarked ; their point spark-gap measure- 
ments might be wrong by hundreds per cent., 
and if the efficiency of the transformer came up to 
90 per cent. or more, only 0-001 of that current 
went into the tube, and only 20 per cent. of the 
rays were really useful. 

Even if accurate potentials and current measure- 
ments could be made on X-ray tubes—and they are 
made at the National Physical Laboratory, for 
instance—neither the coil nor the transformer would 
give homogeneous rays because the volts and 
amperes or milliamperes fluctuate. That, of course, 
is the importance of the current wave. Coils work 
with currents interrupted by rotary devices or 
simply by needles dipping into mercury (flash dis- 
charges), the currents being rectified. But the 
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rectification is not. complete. The transformer 


gives more or ‘less sinusoidal rectified current 
waves. Dr, Morton finds a potential curve rapidly 
rising to a high peak quickly dropping off again to a 
flat top most suitable. His curve thus resembles a 
house overtopped by a high chimney at the front 
end; the longer the house the more of the energy is 
undesirably spent in’ heating the tube. Most 
speakers agreed with him as to the advantages of 
some such curve, though not all shared his decided 
preference for coil working. Dr. Morton added an 
account of some quite recent experiments of his to 
his printed paper. He takes photographs of the 
discharge-impulse with the aid of a new device, a 
long wooden lath which is covered with sheet lead 
provided with a narrow cross slit over which the 
tube is placed. Underneath the lead is a tape of 
sensitised film which is pulled out so as to glide 
underneath the slit at rates up to 30 ft. per second. 
The impulse thus gives a dark line or band like a 
spectrum line, and these lines are sharper with 
coils than with transformers. When the tape speed 
is increased, however, the lines are seen to become 
multiple and successively fainter like the satellites 
of a spectrum line, The multiple character of the 
lines is due to current surgings in the condenser ; 
but Dr. Morton was surprised to obtain as many as 
10 broad bands with flash discharges in which the 
primary circuit may be broken at 80 amperes. 

That the condenser is the weakest part of the 
coil outfit was pointed out by Major C. E. S. Phillips, 
of the War Office X-ray Laboratory, in his paper on 
“Problems of Interrupted and Fluctuating Cur- 
rents.” Dozens of coils were returned from France 
simply for defective condensers. Major Phillips 
remedied this defect by short-circuiting the con- 
denser, best through three 16-candle 250-volt carbon- 
filament lamps, without appreciably reducing the 
output. The coil insulation had frequently broken 
down owing to fracture of the wax; Major Phillips 
suggested the use of a thin oil forinsulation and draw- 
ing the oil off before transport. He also recommended 
aluminium wire for the secondary winding, remov- 
able coils and construction of the outfit in sections 
to facilitate transport; that had been German 
practice during the war. The mercury interrupters 
were another weak part. To avoid flare he would 
make the blades of tantalum which, though not 
wetted by mercury, gave a perfect contact. In 
order to study the behaviour of an in terrupter, a 
cup-shaped vessel closed by a membrane of rubber 
was screwed into the body of the apparatus; the 
pulsations of the gas in the cup were by a lever, 
resting on the membrane, recorded on a drum, and 
flaring was thus detected. In the interrupter Major 
Phillips further combines a valve cell (aluminium- 
lead) in series with a Wehnelt interrupter, the two 
being in shunt to the mercury cup interrupter; 
thus the current is made in the mercury, but broken 
in the Wehnelt cell, and by these means heavy 
currents can be worked by a tumbler switch. Prefer- 
ring on general grounds the transformer, he suggested 
making the rise of the potential curve steeper on 
the plan proposed by Barr, Beeton and Taylor in 
the Hlectrician of June 21, 1895, by throwing with 
the aid of an “injector” (a commutator) inductance 
and capacity, or both, into the circuit; the injector 
might be keyed to a small synchronous motor in 
series to the mains and the transformer. 

Mr. C. E. Clinker, M.ILE.E., who made some 
valuable suggestions during the discussion, thought 
the injector possible; he himself would put high 
density in the core and a high resistance into the 
secondary. To obtain high voltage in the trans- 
former, he would start with alternating currents, 
not of the usual 50 cycles per second, but of 1,000 
or 2,000 cycles, with the aia of thermoionic valves 
or of generators. How valves can be joined to 
transformer circuits had been sketched out by 
Professor Fortescue. Professor Fortescue’s pertinent 
criticisms indicated that even the radio-telegraphist 
and the X-ray man work in separate compartments ; 
radiologists and therapists did not appear to be 
familiar with the advantages of the valve. 

The question of the apparent superiority of the 
coil over the transformer was definitely raised in the 
mie Society eight years agojby Mr. A E. 

who showed that it ‘requires more-:milli- 
amperes with a transformer than with a coil to pro- 








duce the same photographic effect, and the point 
has been much:,discussed since. The,meeting we 
notice thought it advisable to adjourn the discus- 
sion for further experiments. The coil is cheaper 
and, having no rotating parts, simpler. But Dr. 
Orton altogether questioned the superiority of the 
coil. Even the electric efficiency is not easily tested 
on strictly comparative lines. Professor Salomonson, 
of Amsterdam, communicated the results of some 
recent efficiency measurements of his, which were on 
the whole.in favour of the transformer. That the 
further study of wave-forms in gas bulbs and 
Coolidge -bulbs will be instructive was proved by 
the curves exhibited by Mr. J. 8. Harlow. 

We have to recognise the fact that several 
types of X-ray tubes may be wanted. The radio- 
graphy of metals, wood, plants and living beings 
calls for different rays, and for deep radiotherapy 
medical men demand the swiftest rays and many 
hundred thousands of volts. Mr. W. E. Burnand, 
of Sheffield, asked in the course of his amusing, but 
apt remarks, whether the actual 10 ft. insulators 
of 200,000 volt apparatus were to be made 30 ft. 
high. As some of the high volts were only required 
for very short periods, he proposed to work a 
transformer excited by direct current, with an air 
gap in the magnetic circuit in which kilowatts 
might be stored for ;}, of a second. Perhaps 
humanity would be just as well off if medical 
men did not obtain their million-volt rays; the 
y-tays of radium are sufficiently dangerous. But 
physicists will certainly go higher, and vacuum 
insulation may enable them to work with very high 
potentials. 





WATER-TUBE BOILERS FOR MERCHANT 
VESSELS. 

In our issue of last week, page 294 ante, we 
reproduced a paper describing the “Standard” 
water-tube boilers adopted by the United States 
Emergency Fleet Corporation for wooden vessels. 
These boilers were adopted owing to the difficulty, 
under the circumstances then existing, of obtaini 
cylindrical boilers, and to the fact that the latter 
would have required much more material of a kind 
which was scarce at that time. A paper read before 
the Liverpool Engineering Society on Wednesday, 
March 3, by Mr. A. Spyer was mainly devoted to the 
description of the Babcock and Wilcox boilers, 
which were adopted under similar circumstances. 
The war has, in fact, resulted in the water-tube 
boiler being largely introduced into mercantile 
vessels, and this type will doubtless in time, now that 
it has secured so good a footing, gradually make 
sure its position in this class of shipping. _ 

It is stated that during the past four years 782 
ships have been ordered by the United States 
Shipping Board, fitted with 2,176 water-tube boilers. 
Of the types decided upon the Babcock and Wilcox 
boiler is represented on the larger number of ships. 
The American “Standard” boiler comes second. 
An interesting point, which reminds us that these 
orders were given with a view to the prompt com- 
missioning of the ships, is the fact that in the Bab- 
cock and Wilcox boilers the tubes were 4 in. through- 
out, instead of in the usual British marine type, 
4 in. for the fire row and 1{ in. for the remainder. 
This was due to the fact that the manufacturing 
facilities were not available in the United States for 
producing marine type headers and the plant which 
usually turned out the land type headers (4-in tubes 
throughout) had to be utilised. The question of 
rapid production greatly influenced the decision 
with regard to these orders. 

There is much to de said in favour of the 
water-tube boiler for mercantile vessels. Not the 
least advantage is a very appreciable saving in room 
and weight. Mr. Spyer gives the figures for two 
similar cargo boats on the Australian station in 
which, on 23,000 miles’ work, the water-tube boiler 
vessel carried 20 per cent. more cargo on 9-8 per 
cent. less coal than the vessel fitted with cylindrical 
boiler. No information, unfortunately, is given as to 
whether the engine and auxiliary installations were 
comparable. In America, France, Spain, Holland 
&c., the water-tube boiler is gradually gaining 
ground for merchant service. It has been proved 
to be popular with the crew.. Mr. Spyer cites a 
case in the cross-channel service in which, after 





experience with water-tube boiler vessels, it was 
found difficult to get the men to serve on others not 
so fitted. , 

The cross-channel service, while, of course, it has 
troubles of its own, is not afiected by quite the same 
difficulties as vessels which have to keep at sea for 
several weeks. In the latter, questions of priming 
and fresh water feed are relatively more important 
than in steamers making short journeys; but as 
it is now recognised that even with cylindrical boilers 
these points deserve a good deal of attention, the 
water-tube boiler is at little, if any, disadvantage 
in this respect. 

It is interesting to note that the American 
Babcock and Wilcox boilers are mostly oil fired and 
fitted with superheaters, whereas the British type 
are usually coal-fired and without superheaters. The 
water-tube boiler lends itself to effective super- 
heating, but some form of by-pass control for the 
hot gases is necessary in order to regulate the degree 
of superheat. With the gradual introduction of the 
turbine the adoption of superheating will doubtless 
increase, retaining saturated steam for the .auxi- 
liaries, owing to lubrication difficulties, With 
regard to coal firing, Mr. Spyer is of the opinion that 
chain grate stokers will soon be introduced on 
water-tube marine boilers, and a test of this system 
of firing is likely to take place before,long. To 
be used to advantage the system should in Mr. 
Spyer’s opinion. be combined with the bunkering 
of coal above the hopper level. 





MAGNETIC SUSCEPTIBILITY. 

WueEw recently writing on the magnetic and 
mechanical testing of iron* we referred to the singular 
character of magnetic phenomena, the real nature 
of which remains in many respects as mysterious as 
it was in remote . Professor Ernest Wilson, 
Dean of the Engineering Faculty, King’s College, 
London, had also to speak of the mysteries of 

ism, when lecturing on “ Magnetic Suscepti- 
bility,” at the Royal Institution, on February 
17 and 24. Practically only the metals of the 
iron group are considered magnetic. But nickel 
and cobalt rank far below iron, and the Heusler 
alloys, consisting of the three almost unmagnetic 
metals—manganese, copper, aluminium—are more 
strongly magnetic than nickel or cobalt. By 
alloying with iron we can increase the 
very faint magnetism of manganese many times ; 
but the iron has its magnetism reduced many 
times more strongly by being alloyed with 
manganese. Iron loses its magnetism at about 
800 deg. C., nickel at 350 deg.; in an alloy of 
30 per cent. of nickel and iron the magnetism 
disappears at 70 deg. and lower temperatures. 
Again, whilst iron is much more strongly magnetic 
than nickel, the order of the faint magnetism is 
reversed, Professor Wilson stated, in the solutions 
of their sulphates. In the case of the oxides of 
iron, the. combination of iron with oxygen first 
decreases and then increases the magnetism; the 
intermediate oxide Fe,O,, magnetite, is very much 
more magnetic than either the ferrous or the ferric 
oxide, though the iron percentages do not differ 
very much. Similarly hematite is less magnetic 
than spathic iron, though richer in iron content. 

In the case of the sulphides, the artificial 
FeS (obtained by fusing iron with sulphur) is more 
magnetic than the natural disulphide FeS,, pyrites ; 
when the latter is heated and loses part of its 
sulphur [under the formation probably of Fe,S,], 
the magnetism is intensified, as we should expect. 
In most cases, however, we are unable to account 
for the changes in magnetic properties which 
accompany chemical combination. We believe that 
bodies are built up of molecular magnets, oriented at 
random in non-magnetic substances, and more or 
less free to arrange themselves in magnetic fields 
so as to display external polarity; but the nature 
of that mobility is not understood. 

Without discussing. this last fundamental con- 
sideration, Professor Wilson defined magnetic 
permeability , as the ratio of B/H magnetic induc- 
tion to ic force, and the magnetic suscepti- 
bility & as I/H, ratio of intensity of magnetisation , 





* Exomveerixne, November 28, 1919, page 708, and also 
January 30 last, page 134. 
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to magnetic force,* and he dealt in his first lecture |angies to one another. By varying the azimuth 
mainly with the susceptibilities of various metals,|the strength of the field can thus be changed. 
rocks and minerals and their measurement, and in| The horizontal, pole pieces are arranged along a 
the second lecture with the ways in which magnetic | fixed diameter of the ring, te. they remain 
separators make use of the different susceptibilities | stationary when the upper ring is turned, and 
of ores and gangues for effecting ore concentration. | there .is a central pole, gap of .1 cm. or 2 om. 
Like the permeability “, the susceptibility & is by| When the torsion head is turned and ;the strip 
no means constant. It changes, apart from other | twisted, the specimen at the end of the beam 
influences, with the intensity of the magnetising| would swing out ,of the pole gap if it were not 
force H and reaches, with iron and strongly-magnetic | held back by the magnetic lines of force crossing 
substances, its maximum value even in weak the specimen between the two pole pieces. 
fields of a few o.g.s. units; but the maximum of| When the torsion angle ? becomes too great, the 
k shifts, especially in faintly-magnetic substances, | specimen breaks away. That angle ? is observed, 
over into the region of higher magnetisation. When | and & is deduced from Maxwell’s formula; 
the magnetising force exceeds 500 c.g.s. units, F = }kdH*/ dz, 
however, all the curves practically become parallel . : , 
and drop to low values of k. In crystals the k has where F is the mechanical force per unit volume, 
different values along the different axes. We repro- H the magnetic field, and z the distance. If the 
duce some of the figures from Professor Wilson’s| Volume be V, then k=C?0/HV, where C is the 
constant of the instrument. 


tables of the magnetic susceptibility k, giving onl “o 
the volume susceptibility : the oe pomcegeanili In the more sensitive laboratory type of the 
would be obtained by dividing the respective figure | balance the horizontal permanent ring magnets are 
by the density of the material. The figures|Teplaced by an electromagnet vertically 
are Professor Wilson’s own work: Magnetite, which has its pole gap above, thus resembling a 
3 or 4 down to | and less; heated iron carbonate seer war nrnd i. orl étalon = 
652: i : ‘ a 7 ns beam, on is no 
ore, 0-652; iron oxides, 0-007 to 0-0021; iron aed adie Ghd tee as Walia ta 6 Gina 


sulphide artificial FeS, 0-022, crystallised pyrrhotite one : ; 
0:00575 to 0-000: aryi ith direction) ; | ¥@¥- Instead of twisting the beam wire, the ring 
2 eae SB — is moved to and fro, towards the observer 
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twofold. The ore was first broken up to lumps of 
about 2 in., which were separated, and this first con- 
centrate was then ground fine and again separated. 
Magnetite was mainly associated with iron pyrites, 
apatite (calcium phosphate) and felspar. The two 
latter minerals were very feebly magnetic, but the 
trouble with apatite was that it was very intimately 
































































of the Wenstrém type were used. The cylindrical 
shell of this drum, about 2 ft. in length and diameter, 
up of horizontal bars of wood and iron, 
of al polarity, the magnetising 
devices being inside slowly-revolving drum. 
he lumps clung to the iron bars. In the Gréndal 
drum parts of the circumference were magnetised 

four pairs of radial internal electro-magnets ; 
the shell was of brass. The ore travelled on a belt 
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chromite iron ore 0-001, chrome iron ore 0-00064; 
hematite, red and brown, 0-00073 to 0-00016; 
wolfram ore, 0-0003 ; tungsten metal, 0-000016 ; 
aluminium, 0-0000018; mica from Bengal, ruby 
and spotted with magnetite, 0-0147; grey granite, 
0-001; dolorite, 0-0045. The following materials 
have a negative susceptibility: Water, 0-00000075; 
some glasses, 0-0000025 and less; copper, 
0-00000073; antimony, 0-0000063; bismuth, 
0-000014; for these substances the term 4 mw & 
in the general formula » = 1 + 4a k has a 
negative sign. Though, as Professor Wilson 
pointed out, the different magnetites (the natural 
loadstones) varied very much,as to their k, the 
curves had mostly the shape of the pure iron 
curve, which has a sharp peak at low magnetising 
force, attaining a maximum & value of 400, while 
in the best Traversella magnetite the & limit of 
3 or 4 is not exceeded (k being 3°12 at a force of 
13 ¢.g.8. units, e.g.). The & curves of the impurer 
magnetites and of the New Zealand iron sands 
(0°28) are much less peaked, and the indistinct 
maxima attained at much higher magnetising 
forces (e.g., k =0+127 at 368 units). We have 
referred already to manganese steel. Manganese 
itself has a k& of 0-000084; a 13 per cent. man- 
ganese steel from Messrs. Hadfield resembled some 
of the magnetites also in so far as prolonged heating 
(for 100 hours) to 530 deg. C., while destroying the 
magnetism as long as hot, left the steel with a 
higher k (0-54, against 0-0004), and an increased 
coercive force and residual magnetism after cooling. 
Some ores were thus improved by heating, others 
deteriorated magnetically. As regards sulphides 
the following values of &, first determined by 
Professor Wilson, are of considerable interest: 
artificial iron sulphide, 0-022; pyrites, cubic, 
0-000151 ; rhombic, 0.00021, after heating, 0-00255. 
Sulphides of other metals were also measured. 
Prot. Wilson has examined a great many rocks 
and minerals in connection with the magnetic 
survey of the United Kingdom, and he described 
the instruments he uses for these measurements. 
Ballistic methods and magnetometers not being 
generally suitable for measuring small susceptibili- 
ties below0 -001, Prof. Wilson modified the magnetic 
balance of the late Prof. Curie in two ways. In his 
portable balance a horizontal beam is supported by 
a phosphor-bronze strip from a torsion head. The 
specimen hangs at the one end of the beam, which 
is counterpoised at the other, between the pole pieces 
ofa cylindrical ring magnet of peculiar construction. 
There are two rings of tungsten steel, resting u 
one another like sections of the same pan Me 109 
The upper ring can be turned about its vertical 
axis. Each ring is so magnetised as to have the 
two poles at the ends of a diameter, and the similar 
poles may either be superposed or be at various 


the pole piece in each case projecting from the 
lower het ts magnet. Such arrangements 
did not effectually remove the apatite, however, 
even when the stream crossed air 
follows the magnetic pull until the opposing me- - 1h <a> 
chanical pull becomes too strong, and the specimen 
swings back. This movement is watched with the 


0-00147, 0°00069, 0-0000005. They were success- 
fully treated, both in the coarse and fine conditions, 


The pole gaps were made sufficiently wide in 
these balances, Professor Wilson explained, to take 
the specimens applied in the shape of cylinders, or, 
if powdered or in solution, contained in short glass 
tubes. Longer specimens would be preferable to 
reduce the end effect, viz., the demagnetisations 
caused by the mutual action of the poles upon one 
another when not far apart. For that reason the 
ordinary magnetometer method, deflection of a 
suspended magnetic needle by the specimen, direct | ing 
or when magnetised by a coil surrounding it, was 
generally not suited, especially with very feeble 
magnetisation. , 

In such cases the ballistic method could be used. 
The electro-magnet in that apparatus formed a 
horizontal ring, the pole gap of which was ordinarily 
bridged by a rod of wood surrounded by the bobbin 
of an exploring coil in circuit with a galvanometer. 
On closing the magnetising circuit the galvanometer 
gave a kick in one direction, and, on reversing the 
current and field, a kick in the opposite direction. 
The piece of wood was then replaced by the specimen, 
and the kicks were again observed. From the 
ratio of the kicks the required susceptibility could 
be deduced. 

Passing to magnetic separators, Professor Wilson 
said that, though W. Fullerton patented a separator 
in 1792, the first actual use of magnets (revolving) 
for the separation of magnetite from pyrites seemed 
to have been made in Traversella in 1858, and the 
real development of magnetic separators in Scandi- 
navia dated only from about 1880. In quite recent 
years the development had been remarkable. From 
figures given by Professor H. Louis at a Paris 
Conference last spring it would appear that Norway 
treated, in 1912, 750,000 tons of ore ically, 
when Sweden and the United States t only 
with about 300,000 tons each. By weneae orway 
had up to 2,200,000 tons at 
(Grondal machines), the United States by 1916 
to 1,200,000 tons in the Minneville mines, N.Y. 
(Ballard Norton machines), Sweden by' 1917 to 
2,500,000 tons. The separation was generally 





ilmenite, the second stronger field the monazite ; 
both the particles adhered to the lower surfaces 





rings, and the magnetic particles run up the water 
curtains and are retained by the pole pieces.’ 
Professor Wilson did not enter into technical 








* For definitions we would refer our readers to our 


article on page 708 of our issue of November 28 last. into the melting furnace. 
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POSITIVE RAYS. 

On Saturday afternoon last Sir J. J. Thomson, 
O.M., Pres.R.Soc., delivered at the Royal Institu- 
tion the second lecture of his course on Positive 
Rays. 

The lecturer said that on the previous occasion he 
had shown that positive rays affected certain sub- 
stances which were caused to phosphoresce at the 
point struck. This phenomenon provided means 
by which the path of the rays could be traced. It 
was, however, desirable for the purpose of accurate 
measurement to employ not this transitory lumin- 
osity but some permanent record of the path 
traversed by the rays. Fortunately these rays 
affected a photographic plate at the point they 
struck and, as it were, photographed themselves 
there; leaving a record which could be measured 
with accuracy and kept for reference. The problem 
of photographing these rays differed, however, from 
that of ordinary photography, the effect being due to 
the impact of charged particles and not to the 


action of light. In ordinary photography the light 
traversed the whole thickness of the film, thus 
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utilising the whole of the silver there. In the case 
of positive rays the effect of the colliding particles 
did not penetrate into the film to an appreciable 
extent, and, in fact, the layer altered by the impact 
was so thin that an American observer had found 
it possible to wash away all trace of positive ray 
action by immersing the plate in water and going 
over the surface with a camel’s hair pencil. By 
this simple process the whole of the record could be 
removed. It followed accordingly that if ordinary 
plates were used for taking positive ray photo- 
graphs, by far the larger proportion of the silver 
in the film was wasted, What was required, in 
short, was a plate having a very thin film but con- 
taining a large quantity of silver. 

At one time the speaker had thought that the old 
method of photography on a silver plate, sensitised 
by exposure to iodine vapour, should be ideal for 
positive ray work, but the experiment did not prove 
very successful. After prolonged investigations in 
which most makes of plate in the market were tried, 
he had found that the best results were obtained 
either with Paget process plates or with what were 
known as Schumann plates, The latter had been 
originally produced for one aefinite purpose. In- 
cluded in the spectrum were certain rays which lay 
so far beyond the ordinary ultra violet rays that 
they might be called super ultra violet rays. These 
rays were absorbed with the greatest avidity by 
almost every substance. They could not pass 
through more than 1mm. or 2 mm. of air at its 
ordinary pressure and were absorbed by the gelatine 
film of a photographic plate so quickly that the 
light never reached to the back of the plate. Hence 
the problem of photographing these rays was in some 
respects analogous to that of positive ray photo- 
graphy. Since these plates were now on the market 





they might conveniently be adopted for the latter 
purpose. They had, however, one remarkable 
peculiarity. Freshly made, they were useless, and 
they were again no good if too old. So that it was 

to know their age if they were to be 
employed with safety. 

As to whether preference should be given to 
these plates or to the Paget process plates depended 
upon the object in view. The process plates had a 
very fine grain and gave very sharp images easier to 
measure and in every way more tidy than those 
obtained with the Schumann plates. Thus Fig. 1 
had been taken with a Paget process plate and 
Fig. 2 with a Schumann plate, the conditions being 
otherwise identical. In Fig. 1 the outermost curves 
had been made by the impact of atoms of hydrogen 
and the next curve by molecules of H. Then came 
curves corresponding to carbon, nitrogen and 
oxygen. Some of the atoms of carbon, oxygen and 
nitrogen were, it turned out, carrying double 
charges. This was, however, better seen in Fig. 3, 
where the curves marked 8 O and 6 C corresponded 
to atoms carrying double charges and the curves 
lettered 16 O and 12C to atoms carrying a single 
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charge. There was, moreover, a faint line on the 
plate (not visible in the reproduction) which appeared 
to correspond to a new substance having an atomic 
weight of 34, of which the speaker would have more 
to say on another occasion. 

As would be seen, all the lines in Fig. 1 were 
sharp, well defined, and could be easily measured. 

In the case of the Schumann photograph, Fig. 2, 
the lines were much thicker, the impression made by 
the impacting particles having spread sideways, 
and to that extent the traces on these plates were 
more difficult to measure. One line in Fig. 3, 
it might be added, was apparently due to a molecule 
consisting of three hydrogen atoms. Some of the 
traces, it might be noted, showed signs of solarisa- 
tion or reversal due to over-exposure. 

It was evident from these records that an enor- 
mous number of particles took part in carrying the 
charge and he would, the speaker proceeded, now 
explain the means used to sort out these particles 





into their different kinds. To this end advantage 
was taken of the fact that these rapidly moving 


charged particles were acted on by electric and mag- 
netic forces. Heavy particles were less deflected than 
light ones, and thus if a mixture of these c 

particles were sent through a magnetic field the light 
ones would be most deflected. Thus if A, Fig. 4, 
represented a tube through which the particles 
were passing, then in the absence of deflecting forces 
the target would be struck at B. If, however, a 
magnetic field were established across the path at 
H perpendicular to the plane of the paper, the par- 
ticles traversing this field would be swung through 
circular arcs as indicated, and on leaving the field 
would proceed along the tangents to these arcs 
striking the target accordingly at points such as 
C. or D. The lighter particles being swung through 
the sharpest curve would be thrown up to a corre- 
spondingly greater extent. Were all the particles 
moving with the same speed, this process of sorting 
out a mixture by means of a magnetic field would 
be quite satisfactory. Unfortunately, however, the 
effect of the magnet depended not merely on the 
mass of the particle but also on its speed. Slowly 
moving particles were more deflected than those 
moving more quickly, so that a light quickly moving 


Fig. 4. s 
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atom might strike the target in the same place as a 
heavy slowly moving atom. The deflection pro- 
duced by the magnetic field was, in fact, proportional 


to the quantity rp Where e denoted the charge 


carried m the mass and v the velocity of the atom. 
Hence two atoms for which the product m v was the 
same would be equally deflected. The result, there- 
fore, of subjecting the positive rays to a magnetic 
field only, was a photograph showing a continuous 
ribbon in which it was impossible to distinguish the 
traces due to different atoms. This muddle was 
rectified by applying to the stream of particles an 
electric field in addition to a magnetic field, matters 
being so arranged that the deflection produced by 
the electric force was at right angles to that due to 
the magnetic forces, so that if the latter moved the 
particles vertically the electric force shifted them 
horizontally. The faster particles were deflected by 
the electric field less than the slower ones, and the 
result was that we got on the photographic plate a 
series of curves such as those visible in Fig. 1. 

The deflection produced by the electric field was 


proportional to > and that due to the magnetic 


field to —, as already stated. Hence if y denoted 


the deflection due to the magnetic field and z that 
due to the electric force the equation to the curves 
on the plate should be 


y= Cae £, 
m 


where C denoted some constant. In other words the 
curves were parabolas. From this relationship 
the atomic weights of the particles which photo- 
graphed themselves on the plate could be deduced. 





Thus, if we drew a vertical line on the plate for 
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which line z was constant, we had the rule that 
the mass of a particle was inversely proportional to 
the square of its magnetic deflection. Hence if the 
outermost curve were considered as due to the H 
atom then a curve in which the magnetic deflection 
was half as much would be due to a particle having 
four times the mass of hydrogen which was helium. 

The disadvantage of the method lay in the fact 
that the curves corresponding to the different atoms 
all lay between that due to the hydrogen atom and 
the horizontal axis of the figure. Hence the curves 
representing bodies of high atomic weights were 
crowded together close to the horizontal line and 
could not readily be scaled. 

Another method of determining atomic weights 
from these photographs was to draw horizontal lines 
across the curves. In this case y was constant 
so that x was proportional to the mass of the atom 
responsible for a curve. Equal distances measured 
horizontally across the plate corresponded, in fact, 
to equal increments of atomic weight. The scale 
was more open than when vertical measurements 
were made, but there was the drawback that any 
horizontal line only cut a few of the curves, and 
hence to measure up a whole series a step by step 
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ure had to be employed. There was still 
another ‘method of getting a more open scale. In 
the arrangement indicated in Fig. 4 the photo- 
graphic plate was placed vertically. It could, how- 
ever, be placed horizontally, as indicated in Fig. 5. 
In that case the curves obtained were such that the 
distances y, Y,, &c., were proportional to the 
square roots of the masses of the particles. The 
scale was thus much more open than when the 
plate was vertical, but there was the disadvantage 
that the positive rays struck the plate very 
obliquely and the curves registered were accord- 
ingly not quite so well defined. 

The apparatus actually used in the speaker’s in- 
vestigations was represented diagrammatically in 
Fig. 6. Here P denoted the cathode, which consisted 
of a perforated tube. This tube constituted the most 
critical part of the whole apparatus, and ought to 
be only @ small fraction of a millimetre in diameter. 
In the past, the speaker had used the point of a 
hypodermic syringe, but this was not satisfactory. 
He now took the finest copper tube obtainable and 
rolled it out until the bore was not more than J, mm. 
in diameter. He might add in passing that the rays 
wore away the tube somewhat rapidly, much as a 
sand-blast might do, making a sensible reduction in 
its length in the course of a few days’ use. The 
positive rays, after passing through strong electric 
and magnetic fields, strike the plate shown on the 
right, and make their record there. . In order to 
get good results, a careful adjustment of the pressure 
inside the apparatus was . If this pressure 
were too low in front of the cathode (i.¢., on the 
left of the figure), no discharge would pass, whilst, 
unless it was very low on the right-hand side of the 
apparatus, the positive rays would have difficulty 
in getting through the gas. These apparently in- 
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compatible conditions were met by the use of a tube 
of very small bore as the cathode, and connecting 
up the right-hand side of the apparatus with a bulb 
containing charcoal, and immersed in liquid air. 
Owing to the fineness of the connecting tube between 
the left-hand and right-hand portions of the appara- 
tus, the air leakage from one compartment to the 
other was so small that the chilled charcoal absorbed 
it as fast as it came through, so that a very high 
vacuum could be maintained in the right-hand com- 
partment; although the pressure in the left-hand 
compartment was reasonably high. With a low 
pressure on the right-hand side, the curves recorded 
were well defined, as in Fig. 7, where the trace had 
been made by the mercury atom. On the other 
hand, the fuzzy record reproduced in Fig. 8 showed 
the kind of trace obtained when the pressure was 
the same on both sides of the apparatus. This was 
the kind of effect observed when work was first 
started on these positive rays. According to the 
theory, the curves ought to have been parabolus, 
but owing to the gas pressure being too high, the 
trace was actually as shown. Remnants of similar 
straight line traces were to be seen in Fig. 2. The 
way in which these originated was very interesting. 
They depended on the fact that when a positive ray 
passed through a gas it was repeatedly losing or 
gaining a charge, and thus did not remain positively 








greater,"and we thus get’ straight streak on the 
plate connecting the zero’ point with the parabola 
corresponding to the particular atom concerned. 
Strong evidence in favour of this explanation of the 
More omg am lines in question was afforded by the 
fact that if the fields were very short, but corre- 
spondingly more intense, the straight lines disap- 
peared. The lecturer had used in an experiment of 
this kind fields less than a millimetre in length. In 
that case, the positive particle had little opportunity 
of losing a charge, whilst traversing either of the 
fields of force, and the photographs obtained showed 
no signs of the “secondary ” lines just described. 
Let us consider, the speaker proceeded, what 
would ha if a very short electric field 
were used in conjunction with a long magnetic 
field. Then some particles might come through 
the electric field uncharged, and gain a charge 
whilst traversing the magnetic field. In that 
case, the particle would suffer a vertical displace- 
ment only, and it would be seen that some of the 
secondary lines visible in Fig. 2 joined up with the 
vertical through the origin at some little distance 
abeve the zero point. All these secondarys were, 
in short, due to the positive rays passing through 
residual gas at other than an extremely low pressure. 
It would be observed that the para shown in 
Fig. 1 did not ran down to the zero point, but their 
heads all lay in a certain vertical line some distance 
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charged throughout its whole path. In fact, it 
might even acquire a negative charge under such 
conditions. That charges were lost and gained in 
this way could be demonstrated by the apparatus 
represented in Fig. 9. Here the positive rays were 
passed through two magnetic fields in succession, 
arranged at right angles to each other. Now, if a 
particle remained charged during its passage 
through both fields, the deflections due to each 
would merely be added together, and the effect 
of the second field would merely be to shift the 
position of the spot on the screen. If, however, 
after passing through the first field, a particle lost 
its charge before reaching the second, it would 
suffer no further deflection in this and would strike 
the screen in the same spot as if the second field 
were absent. Similarly, a particle uncharged, 
whilst passing through the first field, and charged 
in traversing the second, would be deflected by the 
latter’ only. Hence, if particles lost and gained 
charges, the effect of subjecting them to the influence 
of two successive magnetic fields would be to 
increase the number of spots visible on the screen. 
This was found to be what actually happened, as 
represented in Fig. 10. Here one spot was due to 
particles which were uncharged in passing through 
both fields, whilst the other three originated as 
above explained. Here, then, was direct evidence 
that the particles did lose and gain charges on 
their passage from cathode to target. 

When the positive rays had to pass through a gas 
at other than an extremely low pressure, certain of 
them were only charged for a very small portion of 
the time during which they traversed the electric 
field, and were, therefore, not as much deflected 
as those charged the whole time. As the propertion 
of time grew longer, the deflection produced was 
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from the. origin. This was exactly what we ought 

to expect from the conditions of the experiment. 

As already mentioned, the displacement due to the 
1 


electric field was proportional to aw That was to 


say, inversely to the kinetic energy of the particle. 
The greater the energy, the less the displacement. 
The maximum energy the particle could receive 
was due to the difference of potential between the 
anode and cathode, and was thus the same for all 
particles. Hence, the smallest displacement pos- 
sible was the same for all, and we found accordingly 
that the parabolas all started from the same vertical 
line. There was, however, one interesting and 
important exception. The parabolas sometimes 
showed beaks projecting beyond their proper 
termination point. These beaks were due to particles 
having more than one charge, and the energy being 
correspondingly greater, they were able to get in 
nearer to the zero line. 





THE B.8.A. TOOL WORKS AT 
SPARKBROOK. 

Tue enterprise of the Birmingham Small Arms 
Company has long exceeded the manufacture of the 
articles indicated by the title of the firm, and 
prominent amongst its other activities is the pro- 
duction of small tools, gauges, jigs and machines 
for special purposes. This business is carried on 
under the name of B.8.A. Tools, Limited, in a 
separate factory at Sparkbrook, Birmingham, which 
not only supplies the requirements of the other 
works of the pany, but does a large and in- 
creasing external trade in ite particular specialities. 
Indeed, at the t time, some 80 per cent. of 
its output is manufactured to the order of private 
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customers. The em of the undertaking may 
be gauged by the fact that the Sparkbrook works 
provide employment for some 1,100 people, and can 
produce approximately 50,000 twist drills and 15,000 
milling cutters per week, in addition to an annual 
output of something like 50,000 jigs and fixtures. 
Besides these there are, of course, the numerous 
machines designed and built for various special 
purposes. 

The Sparkbrook works cover a floor area of 
216,000 sq. ft. and comprise four main sections, 
devoted respectively to jigs, fixtures and special 
tools ; gauges of all kinds; twist drills; cutters 
reamers, slitting saws, &c. All shops are on the 
ground floor and are well lighted and warmed. A 
visitor is at once struck by the scrupulous cleanliness 
observed throughout the works. The floors are 
maintained in perfect order, and there is not only 
a total absence of accumulated litter and rubbish, 
but even the current by-products of an actively 
working factory appear to be disposed of as fast as 
they are made. It is. unquestionable that insistence 
upon cleanliness and order benefits both the health 
of the workers and the quality of the work turned 
out. Other features common to all departments of 
the factory are the general practice of piecework 
and the systematic methods of inspection between 
operations. Payment by piecework is in force 
wherever it can be applied, even the tool room 
workers and the jig and fixture makers being very 
largely on a piecework basis. That piecework 
should be found possible not merely throughout a 
factory where extreme accuracy of every operation 
is essential, but in departments where this accuracy 
depends more upon the craftsman than on the 
machine, is a practical answer to those who hold 
that payment by results is fatal to the best work- 
manship. There can be no doubt that the policy of 
viewing between operations, as carried out on all the 
repetition manufacturing processes, has much to do 
with the success of the piecework system. Each 
operation is done “to stock,” partly finished 
articles being returned to the stores, viewed, and 
re-issued again as required for the next operation. 
Hence there is a continuous and definite check both 
on the quality and quantity of work coming off each 
machine. 

The twist-drills made at Sparkbrook range in 
size from 0-135 in. diam. to 3 in. diam., although 
somewhat larger sizes are occasionally made. 
High speed steel is exclusively used in their manu- 
facture. The same statement also applies to the 
milling cutters made by B.S.A. Tools, Limited. 
The nature of the operations in the manufacture of 
a twist drill naturally varies to a certain extent with 
the type and size of the particular drill under con- 
sideration, but in general the processes comprise 
cutting off the bar to length, turning body and 
shank, milling tang, milling grooves, stamping 
name and size, relieving, ing, sand 
and grinding lands and point. Whenever possible, 
the turning of the body and shank and the cutting 
off to length are done as one operation on automatic 
machines, while in the smaller sizes of drills turning 
can be dispensed with entirely. The most interest- 
ing operations are fluting, relieving and hardening. 
The flutes are cut one at a time on a specially 
designed milling machine, the biank being fed 
forward by means of a oylindrical former around 
the circumference of which is cut a spiral of increas- 
ing pitch, corresponding to the flute angle required 
on the drill, A fixed pin, engaging with the spiral 
in the former, causes the rotation of the latter, and 
consequently of the drill, as it is fed under the 
cutter. Each flute is finished complete with one 
traverse of the blank. As regards relieving the 
lands of the drill, this is socbmplished either by 
grinding or milling, according to size. In the case 
of the smaller drills, the relieving machine is similar 
to a horizontal plain grinding machine, the drill | mac 
passing through a kind of steady to support it 
vaaee ta scien at the wheel. Inside the steady is 
a small projecting point of hardened steel which 
engages with the lip of the drill and causes the latter 
Wp, savete ae 75 A evo: SL eect, Baer, 
wheel. th of the grinding wheel on the land 
hay wl ag ways parallel to the varying spiral of 
the drill, so that the Tand is left of uniform width. 
To effect the relief of the larger drills a formed milling 


cutter is used, mounted on an axis at right angles 
to that of the drill. The rotation of the drill under 
the cutter is brought about, as in the relief grinding 
machines, by a fixed steel point working against 
one cutting edge of the drill as the latter is Hn a 
Each land is relieved by a single traverse. 

The importance of hardening in a factory such as 
that at Sparkbrook need not be emphasised. The 
processes in the hardening shop are supervised and 
controlled by a metallurgical chemist who deter- 
mines in his own works laboratory the best method 
of treating any special kind of steel or particular 
form of article and from the results of his experi- 
ments issues orders to the hardening shops. The 
heat treatment of the B.S.A. twist drills is done 
in an electrically heated salt-bath furnace, the 
temperature being controlled by regulators in the 
electric circuit. The actual temperature is recorded 
by means of a radiation pyrometer. Special jigs 
are employed to carry the drills during the harden- 
ing and tempering process. 

After hardening, the drills are tested for straight- 
ness by girls who inspect them against the light in 
a suitably illuminated hood, and who rectify any 
which may have become distorted in hardening. 
The number of drills which need rectification is, 
however, almost insignificant. The cleaning of the 
hardened drills is done by sandblasting except in 
the case of jobbers drills and very small sizes, 
when the colour from the hardening is removed by 
seratch brushing. For testing the quality of the 
finished product there is a specially constructed 
type of drilling machine, by means of which the 
performances of drills can be determined at a great 
variety of speeds and feeds. The metal to be drilled 
is clamped down to a table mounted on ball bearings 
but prevented from rotation by means of a torque- 
arm connected to a hydraulic cylinder. A pipe 
from this cylinder transmits the hydraulic pressure 
to a recording apparatus on which the torque is 
recorded in foot-pounds. The drilling table is 
mounted on the ram of another hydraulic cylinder 
by means of which the pressure on the drill is 
transmitted to other recording apparatus. On the 
occasion of our visit a l-inch drill was tested to 
destruction, being set to make a hole through a 
mild steel slab 3 in. thick at the rate of 18 in. per 
minute. The drill was run at 305 r.p.m. with a 
feed of -06 in. per revolution. The torque was not 
measured, but the end pressure rose to between 
three and four tons. 

As regards the manufacture of reamers and milling 
‘cutters of all types and sizes, there is little that 
need be said as the operations and processes are 
generally well-known and simple. The quantities 
turned out at Sparkbrook, however, are very large, 
and the varieties almost infinite. Press tools also 
form a considerable item in the company’s manu- 
facture. The gauge making department, like the 
cutter department, need not be referred to at length 
because though well equipped for its particular 
specialities, it does not embody operations or pro- 
cesses with which engineers are not generally familiar. 
The gauge test room contains the usual microscope 
measuring machines and also two projection lan- 
terns, by which a clear cut shadow of a gauge of 
any kind can be thrown on a screen with a magnifi- 
cation of 50 diameters. This shows up in a very 
striking manner the minutest inaccuracy in the form 
of a screw-thread, a radius or other element of a 
gauge, particularly when the shadow is super- 
imposed upon an enlarged drawing of the detail in 
question. 

What is, however, one of the most important 
sections of the B.S.A. Tool Works, is one which we 


fixture and special tool department. The company 
make a speciality of undertaking the design and 
esaerriogy of jigs and fixtures for any repetition 

opera tions, or will produce such articles 
to peruano own designs. They undertake, indeed, 
the complete tooling up of a factory for any par- 
ticular product with a guarantee of output if 
operated according to their recommendations. If 
specially designed, machines would be more suitable 
than standard machine tools, the B.S.A. will design 
and build such machines, thus relieving ordinary 


manufacturing works of the experimen- 
tation and trouble which they would incur in under- 





have as yet hardly referred to, namely, the jig, pamphlet 





taking work such as the design of jigs and machine 
tools, which would in general be quite outside the 
range of their experience. We hope at an early. 
date to illustrate and describe some of the equip- 
ment which the B.S.A. have supplied to outside 
firms for the mass production of standardised 
articles, 

We should not close this short notice of the 
Sparkbrook factory without reference to the welfare 
work of the B.S.A. Company. The works contain 
excellent canteens for the workmen and the staff, 
and a well equipped ambulance room with a qualified 
nurse always in attendance. The company also 
retain the services of a doctor, who visits the works 
on several days every week, while a dental surgeon 
is in constant attendance. 

Boys over the age of 14 are apprenticed to three 
trades, namely, those of tool maker, millwright and 
electrician. Every applicant for apprenticeship has 
to produce a satisfactory certificate from his school- 
master, and to agree to attend classes in subjects 
approved by the company. Further than this he 
is expected to attend the weekly gymnasium 
exercises and Swedish drill, unless he is certified as 
medically unfit. Lads are paid on a scale based 
upon age, a boy of 14 starting at 10s. per week 
and rising by half-yearly increments to 27s. per 
week when he attains the age of 20} years. At 
21 years of age the rate is 31s. per week, and after 
six months at this rate the youth is granted the 
full wage of a journeyman. The rates mentioned 
above are exclusive of the Ministry of Munitions 
awards, which amount to an additional 10s. 9d. per 
week to lads under 18 years of age, and to 21s. 6d. 
per week to older boys. Furthermore, special merits 
and diligence are rewarded both by anticipating 
the next half-yearly advance and by the provision 
by the company-of extra opportunities for advance- 
ment. 

The subjects of instruction include practical 
mathematics, applied mechanics, applied science, 
machine construction and drawing, English litera- 
ture, writing and composition, history and citizen- 
ship, with incidental geography. Elementary metal- 
lurgy and the properties of materials are also taught. 
The classes are held on two afternoons per week in 
the company’s time, the boys attending them, 
thus suffering no loss of pay. The physical training 
classes are supervised by qualified instructors, and 
are held every evening after works’ hours. A special 
changing room and set of baths is reserved for the 
use of the boys. Cricket and other games are also 
encouraged on the B.S.A. recreation grounds, and 
boys are coached for the annual sports. Classes and 
teams compete for a challenge shield presented by 
the Lucas-Tooth Boys Training Fund, and individual 
prizes are also awarded on merit. 





NOTES. 
Sotip LupricanTs. 

A VALUABLE note on solid lubricants* has just 
been published by the Department of Scientific and 
Industrial Research embodying information as to 
these bodies collected by the Committee on Lubricants 
and Lubrication. Unfortunately no one has so far 
succeeded in devising any satisfactory explanation 
of the lubricating properties of any solid save ice. 
It is merely known that graphite, steatite, and mica, 
have lubricating properties, but as to the mechanism 
involved we are, for the present, almost wholly at 
fault. The present memorandum, accordingly, is to 
be considered merely as a summary of existing 
literature on the subject, and such explanation of 
the action of solid lubricants as is attempted in the 
amounts to but little more than the state- 
ment that solid lubricants do lubricate. Of course 
it:is easy to see that the mere levelling up of the 
surfaces by the solid lubricant must be beneficial. 
as it tends to reduce local intensities of pres- 
sure. In general it may be said that the function 
of a lubricant is to take the abrasion which would 
otherwise be suffered by the metallic surfaces 
of the bearing. In the case of. a solid lubri- 
cant, however, it. is difficult to conceive of any 
mechanism by which the abraded lubricant can 
be restored. Ice constitutes the only solid lubri- 





* Memorandum on Solid. Lubricants. AM Seley 
Office. [Price ) 
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cant.,of which the lubricating action) has been 
explained. This is known to be due to the fact that 
it melts under pressure and the lubrication is thus 
really due to the film of liquid formed. It is just 
possible that with other solid lubricants the real 
lubricant is also a fluid and that function of the 
so-called solid lubricant is merely to level up the 
opposing surfaces to such an extent that a very 
small quantity of even a non-viscous fluid is capable 
of carrying the load. 
British Buast-FURNACE PLANTS. 

“The Construction and, Equipment. of British 
Blast-Furnace Plants” formed the title of a paper 
read on February ‘28, by Mr. W. H. Buckley, 
M.Mech.E., before the Manchester Association of 
Engineers. He dealt with the subject “solely 
from the engineer’s standpoint” and gave data on 
the construction of the furnace, on the blast. heating 
stoves, dust catchers, charging arrangements, 
blowing. plant, .&c.. He stated one point in con- 
nection with large steam-power units for blast 
furnaces, which, he added, designers and manu- 
facturers do not fully realise, to the effect that it is 
sometimes most difficult to keep a definite head of 
steam at the boilers without an abnormal con- 
sumption of coal to assist the blast-furnace gas, this 
being particularly noticeable in the case of hematite 
plants working with. dirty gas. “The primary 
function of a blast furnace is to make iron with a 
coke consumption as low as possible, and not to 
produce gas of a very high thermal value for boiler 
firing.” In making this statement, the author 
seems to us, in view of his opening remark, to be 
treading on what we may be allowed to term rather 
dangerous metallurgical ground; the statement in 
question is a somewhat, disquieting one, and will lead 
to the viewing with suspicion of all figures relating 
to the utilisation of blast-furnace gas when the coke 
consumption per ton of pig-iron made in the blast 
furnace is not quoted also. We are glad to find 
that in the opinion of the author, the last five years 
have seen very rapid strides in improving the 
general reliability of large gas engines, some of the 
engines put down during the war leaving little to be 
desired as regards regular and efficient running, 
these remarks applying to both the slow horizontals 
and the quick-revolution, multi-cylinder vertical 
engines. In view of the lead which was taken 
during the years immediately preceding the war in 
the development on the Continent of gas engines 
of high power, driven by blast furnace gases, this 
information is very satisfactory and of special 
interest. 


Liegutine ConpiTIons In Minzgs. 


The subject of the occurrence of nystagmus 
among miners was considered in a paper read by 
Dr. T. Lister Llewellyn before the Illuminating 
Engineering Society on February 24. In this 
paper Dr. Llewellyn condemns the miner’s oil 
lamp as extremely inefficient. Not only is the 
lighting at the working face bad, but, such as it is 
it falls off badly towards the end of the shift, while 
figures show that such poor illumination has an 
extremely serious effect on the eyesight of the 
miners. Oil lamps, for instance, tested showed a 
power of 0-50 Heffner units at the beginning of the 
shift, deteriorating to 0-28 at the end, compared 
with, electric lamps showing 1-75 units to 2 units 
at the start, and 1-5 units to 1-75 units at the end. 
Acetylene lamps showed no deterioration. The 
effect of this on eyesight is reflected in the following 
statistics. With oil lamps the number of grave 
cases of nystagmus per 10,000 was 35, and of 
serious cases 57. The number of cases as a per 
gent. of the workers on day shift. was 31. This 
percentage was reduced in the case of electric lamps 
to 15-4, with which the ‘grave cases were only 
8 per 10,000. Evidence shows that, the introduction 
of the electric lamp has enabled scores of miners 
to continue at work underground. In two similar 
Pits, after electric lamps were introduced into one 
of them the cases of nystagmus have been greatly 
reduced in the pit which had adopted electric lamps 
of 0-62 ¢.p., compared with oil lamps of 0-25 .p. 
These lamps gave respectively 0-023 ft.-candles and 
0-015 ft.-candles at the face. The men with electric 
lamps turned out 5 per cent: more than those with 


oil, while the shifts lost from accident. were 1 in.54 





with the electric lamps against 1 in 23 for the oil 

. The cost of an oil lamp is put at 34d.-per 
week, while the electric lamp is said to cost 4d. to Id. 
more, though figures are given claiming’ it to ‘be 
actually cheaper at some collieries. The elettric 
lamp is, of course, more expensive as regards first 
cost. In a contribution to the discussion Mr. 
Elworthy pointed out that it was the light reflected 
from the coal face which affected the miner. To 
give relief. it had been suggested to colourwash 
the roof, &c., and where this had been experimentally 
attempted considerable relief had been experienced. 


A New Compnrrrrion ror Naval Power ? 


Are we to have a new competition for naval 
power? The question arises owing to the cable- 
grams from America indicating that the Naval 
Board have made a report which is conceived in a 
competitive spirit, the aim, it is said, being to give 
the United States “‘ the largest navy in the world.” 
This seems to be borne out by the programme 
proposed, although it is premature to make any 
serious comment, as the matter is still to be con- 
sidered by the Naval Committee of the House of 
Representatives. The attitude of the United States 
in connection with the Peace Treaties and the League 
of Nations has a direct bearing, because they cannot 
refuse to accept responsibility as a “‘ world Power ”’ 
and yet aim at naval dominance. Moreover, there 
is room for reflection on the part even of the United 
States as to the lessons of tactics during the war 
and their influence on the future design of ships. 
This is a question on which there is a distinct cleavage 
of opinion, and demands very careful consideration. 
But the Navy Board, which is presided over by 
Rear-Admiral Badger, is said to argue that battle- 
ships and battle-cruisers are “destined to remain 
the backbone of the Navy, with a tendency in 
building towards constantly greater size.” Their 
programme aims at “ outclassing”’ the greatest of 
our ships, the Hood, which has a displacement of 
41,200 tons, the length overall being 860 ft., the 
beam 104 ft., and the mean load draught 28 ft. 6 in. 
The geared turbines are of - 144,000 shaft horse- 
power, and the speed is to be 31 knots. The arma- 
ment includes eight 15-in. guns, twelve 5-5-in. 
guns and four 4-in. anti-aircraft guns. The total 
estimated cost, which is an item in design that 
cannot be ignored, is 5,500,000/. sterling. The 
Hood is a battle-cruiser. 
two new battleships, each of 44,000 tons displace- 


ment, with 16-in. guns, and one battle cruiser, which | s 


is to have a displacement of 32,500 tons, also to be 
armed with 16-in. guns. In addition, there are to 
be ten scout cruisers of 10,000 tons, with 8-in. guns, 


four destroyers, six submarines, two aeroplane 
‘carriers, one submarine tender and one destroyer 


tender, with other smaller eraft. The cablegram 
announcing the fact makes the significant remark 


‘that the Navy Board give no estimate of the cost 
of the vesséls proposed or of the time required for 
construction. It will be seen, however, that, on 


the basis of the cost of the Hood, the expenditure 
on this addition to the United States Navy will be 


greater than that proposed in the Navy Estimates 
‘of any one year by any Government'in peace times. 


Tue. PROTECTION GIVEN BY THE TRADE Drispures 
Act. 


The Electrical Trades Union’s case, Hodges v. 
Webb, in which judgment was given recently by 
Mr. Justice Peterson, is an interesting example of 
the operation of the Trade Disputes Act. The 
plaintiff was an electrician foreman and a member 


of the National Association of Supervising Elec- 


tricians, and in October last was engaged at Watford 


jin the employment of Messrs, Tyler and Freeman, 
jwith twelve men under him. The plaintiff com- 
‘plained that the defendant, who was a secretary of 


the Electrical Trades Union, went to Watford and 
called’ the men out on strike because the plaintiff 
was not a member of the Electrical Trades Union, 
and that in consequence the plaintiff lost-his job. 
He therefore claimed that the defendant should, be 
restrained from interfering with his ps ae 
and his right to dispose of his labour as he willed. 
Mr, Justice Peterson, ina written judgment, stated 
that the N.AS.E. although registered as. a trade 
union, had failed to obtain recognition ‘by the 


The Navy Board proposed | P’'¢4 


Trades Union Congress, and that the E.T.U. objected 
to its members working with. members of the 
N.A.8.E., and considered that the members of the 
N.A.S.E. were on the same footing as non-unionists, 
In consequence of certain complaints the defendant, 
acting with the authority of the London District 
Executive of the E.T.U.,. went to Watford and 
called the men out because the plaintiff refused to 
join the E.T.U. The Trade Disputes Act provides 
that an act done by a person in contemplation or 
furtherance of a trade dispute shall not be action- 
able on the ground only that it is an interference with 
the trade, business or employment of some other 
person, or with the right some other person 
to dispose of his labour as he wills ; and the question 
arose whether the defendant was acting in further- 
ance of a-trade dispute. His lordship held, on the 
facts, that he was and that the action failed. His 
lordship-held also that it was not proved that the 
deféndant” had used any threat to the ntifi’s 
employers which was a sufficient basis for the action. 
The case may be contrasted with the leading case of 
Conway v. Wade in 1909. In that case a delegate of 
a trade union, in order to, compel the plaintiff to pay 
a fine due to the trade union, or to punish him for 
not having paid it, went to the foreman of the 
plaintiff's employer and procured the plaintiff’s dis- 
missal by threats that unless this were done the 
union men in the service of the, plaintiff's employer 
would leave off work. It appeared that the fine 
had been imposed eight years before the events in 
question, and had never been enforced; and the 
jury found that a trade dispute did not exist and was 
not contemplated by the men. The House of Lords 
held that as the defendant was not by the 
Trade Disputes Act he was liable in damages to the 
plaintiff. The main difference between the two 
cases appears to be that in Conway v. Wade the 
defendant had not the protection of the Act because 
there was no trade dispute in existence, while in 
Hodges v. Webb the defendant was protected 
because he was acting in furtherance of a trade 
dispute. 





INDUSTRIAL NOTES. 
Tue annual report for 1919 of the Liverpool Steam 
Ship Owners’ Association opens‘ with a number of 
examples pointing to the evil of State control. It 
out the year just closed all ese 
inci rts have been congested, the time ocen 
tn has been nearly double 
-war conditions. As the number of 
available has been added to, congestion and 
delays have steadily increased, and thereby the yearly 
carrying power of the individual ie has decreased 
until its efficiency has been redu below pre-war 
standards by at least 30 per cent, State control over 
many of the more essentia my ee has caused not only 
extraord fluctuations in the arrival of the imports 
but also the holding of abnormal stocks in the porte. 
State control has also restricted the holding of stocks 
in private hands owing to uncertainty as to the action 
of the State in regard to both future supplies and , 
The uncertainty as to the future ownership of the 
railways and the elimination of competition between 
the compariies has fone far to paralyse all en i 
in management. withdrawal of the y 
canvassers was described as prudent economy, but it 
was a manifestation of the spirit of State as distin- 
ed from commercial control, Apart, however, 
m State control there are other factors which have 
made it impossible to through the ports of the 
United m more 58 per cent. of the traffic 
with which they dealt under pre-war conditions. The 
principal of these is the shortened hours of labour. If 
the hours of labour in the ports and throughout the 
transport services are reduced by 20 per cent., the 
volume of traffic dealt with must of necessity be very 
su unless better work is done in 
the shorter hours or more labour is employed. If the 
Sole CUAUT a Re Caabie tr antbenert 
better results may obtain: employing more 
machinery ; but the introduction of harthet machaltioas 
a must take time. If more labour is to be em- 
then it must involve the introduction of extra 
or the atilisation of more plant. In the ports 
where so much of the transport must be done in the 
there are difficulties in the introduction of extra 


in the turn-round of the shi 
that under 
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at night at a heavier cost, difficulties must arise 
between the receivers when they come to sell in compe- 
tition. with one, another. To a certain extent the 
existing difficulties could be met by limiting strictly 
to transport the uses to which the facilities of the sang 


and railways are Double handling and ware’ - 
ing are costly. report gives also a large amount 
of general information on foreign competition, freights, 


Board of Trade returns, trade in different goods, &c., 
all of which will repay careful reading. 





The Court of Inquiry set up by the Ministry of 
Labour to inquire fhto the application made by the 
National Transport Workers’ Federation, referred to 
on page 226 ante, has been continuing its sittings. At 
the sitting of February 25, Mr. H. T. Bubbear, assistant 
traffic manager of the Bristol and Avonmouth Docks, 
stated that workmen were constantly breaking their 
agreement by going on strike while their claims were 
under investigation. The men, he said, made exorbi- 
tant demands for working overtime where vessels where 
partially discharged of cargo. In consequence of the 
refusal of these demands vessels were frequently 
delayed for a day or more. In some cases these 
exorbitant demands had to be met. There were cases 
where men were each paid 22s. 8d. instead of 2s. 8d. 
for one hour and 15 minutes overtime, As much as 
£2 per man had been demanded in addition to the wage 
allowed by the scale. It also frequently happened 
that the men would slow down in order that the 
remainder of the cargo should fall under the overtime 
category or go over for another half-day. The witness 
put in a ta statement which in one instance 
showed that while aw this slowing up method 
men had been pai a day’s pay for ten minutes’ 
work. At last Tuesday's sitting, it was stated that at 
Glasgow the rate of discharge of ore had decreased 
two-thirds. With reference to coasting vessels, the 
average cost per ton for handling cargo had risen 
nearly 300 per cent., owing, rig har causes, to 
the slower working of the men. average earn- 
ings of dock workers at Plymouth had risen from 32s. 
per week in 1914 to 7l. or 81, 





Speaking in Parliament on February 25 the Minister 
of amy Sir R. Horne, said his attention had been 
drawn to the statements made by a large firm of 
builders to the effect that, owing to the action of 
certain trade unions, there had been refusal to erect 
houses which had been constructed in the firm’s. works 
under a system whereby the men received a bonus on 
output (see page 292 ante). He was in communication 
with the firm with a view to obtaining particulars, so 
that the matter might be further examined. For some 
time the Government had had under consideration as 
part of the general question of the urgent need for 
increasing production, especially in connection with 
the erection of houses, the question of the ehganes 
to the community of arrangements. whereby work- 
people were on systems of payment by results, 
and it was proposed to set up a Committee to inquire 
into and report on the whole matter. 

In this connection we may add that the Amalga- 
mated Society of Engineers held a meeting last week in 
Birmingham to consider the suggestion of the em- 
ployers in regard to linger by results, The meeting 
was against the scheme, stating that the employers 
would note the pc of the cleverest worker and 
demand that the others should work at that same speed 
or submit to lower time rates. We dealt with this sub- 
ject in several of our former issues. It was in the 
middle of last year that the question of instituting a 
44-hour week came up for negotiation between the 
men and the employers, when the latter put forward 
a system for payment by results, a system which has 
besa dlecaased jodi since. We understand that 
the members 
are to ballot upon the question as to whether they are 
in favour of the introduction of such a system or not. 





Chamber of Shipping of the United 
London, on February 25, Mr, W. J. Noble, 
the firm of Cairns, Noble & Co., N 
director of the Sunderland i 


been a 
Witness the present 
SORTED RAN 
system, the ano 
pa ray of food control. 


was always extravagant and wasteful. 
ve, it 


catifed, Treooened atvies. 


was foreign to its nature, 
than the owner’s margin 


i 


the Amalgamated Society of Engineers | in 


| management combined. What ought to go to increase 


of wages was spent’on whole armies of o y 
main duties were to work the card index and to 
prepare statistics to enable ill-informed Ministers to 
answer silly questions in the House of Commons, 
It was a very illuminating fact that those trades and 
industries which had been wholly released from control 
were already on a fair way towards recovery, while 
those which still remained in the grip of the State were 
going from bad to worse. Even the shipping industry, 
under partial decontrol, had been able, proportionately, 
to resume its old steamer services, to re-establish its 
trade connections, to place orders for new tonnage and 


equip itself for peace trade with surprising enterprise | and 


and . Was it not reasonable, therefore, to con- 
clude that the sooner all war-time control was removed 
from British trade and industry the quicker would the 
Sp a ang tee aap emg ath 

prosperity ? . . . In regard to Labour, Mr. e 
speipdAbabtie aelient- Dibtae anges wan nab $e tnell 
an unhealthy sign. He thought he saw in it the first 
fruits of the education of the great masses of the people 
—a striving after a higher order of life—an endeavour 
high raise the intellectual level of the workers peated a 

er e—a seeking for a greater degree of rt 
and a better standard of living. Properly directed it 
should lead to an industrial condition of greater 
stability than we had hitherto dared to look for, 


vided it was accompanied by a full recognition of 


the fact that these things could only be permanently | based 


secured by intensive production. is, in turn, could 
only be secured bya still higher standard of education 
for the people and by the free and unfettered use of all 
mechanical appliances and the application of the best 
scientific knowledge that was available. 





Last Monday Dr. Addison introduced in Parliament 
a National Health Insurance Bill, in which it is pro- 
aso to increase from 10s. to 15s. a week the sickness 
efit paid to men, and from 7s, 6d. to 12s. that paid 
to women, Maternity benefits, now a lump sum of 
30s. on confinement, would be increased to 40s. Dis- 
ablement benefit, now 5s. a week after 26 weeks’ sick- 
ness benefit has been received, would be raised to 
Ts. 6d. a week. The sanatorium benefit would be 
taken out of the National Health Insurance Acts. At 
present sanatorium benefit is administered by the local 
insurance committee, and consists of institutional or 
domiciliary treatment for insured persons suffering 
from tuberculosis ; in future the Government wish to 
deal with tuberculosis as a whole. Higher rates of 
contribution would be levied to provide funds for the 
payment of the increased benefits. 


Mr. J. H. Thomas, M.P., addressed a mass meeting 
of railwaymen at Southend last Sunday, and dealing 
with the subject of the nationalisation of mines, said 
that within a few weeks they would be called upon to 
express an opinion on one of the most important and 
most vital questions of the day, the system of private 
ownership of the mines. He believed that this system 
stood condemned, but he impressed upon the meeting 
the urgent importance of showing common sense by 
realising that it would be better, easier and simpler to 
obtain the nationalisation of mines in the best and 
most constitutional way. In regard to wages and high 
picerts bo damnees She vicious circle in which they were 
iving must come toa close. In the end it would prove 





disastrous both ‘to the working classes and to the | be 


country as a whole to continue this system of getting 
more advances in for one section and artificially 
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the close of the conference the following official state- 
:—* At the invitation of the Minister 
of Labour a conference 'was held to-day at Montagu 
House, under his chairmanship, between . 
tives of the Parliamentary Committee of the Trades 
Union Congress and of the National Federation of 
Discharged and Demobilised Soldiers, the Comrades of 
the Great War, and the National Association of Sailors 
and Soldiers, to consider the best means of facilitating 
the re-employment of ex-Service men. After a full 
discussion it was unanimously agreed that the problem 
was one which required for its solution the full co- 
operation of the Government, employers, trade unions 
ex-Service men. It was accordi agreed in 
ee eee ee 
ational Committee on which these interests should 
be represented and which should have full powers to 
examine the matter and make recommendations,” 





a Bagley, M.P., who had asked the Minister 
of Labour for the average rise in wages in the principal 
Allied countries since the beginning of the war, has re- 
ceived answer to the following effect :—‘* Neitherin this 
eountry nor in any of the countries allied or associated 
with us in the late war are the most competent statistical 
authorities as yet in a position to state with anything 
approaching certainty what has been the extent of the 
rise in the level of money wages since 1914. Conclusions 
on comparisons between the figures given below 
for different countries can, therefore, only be drawn 
with the utmost reserve :—United Ke .—The 
percentage increase in rates of wages since 1914 has 
varied widely in different industries. For all industries 
combined the average increase is estimated at about 
120 to 130 per cent. In most industries also the 
working hours have been reduced. France.—The 
official data for estimating the general rise in money 
wages above the pre-war level do not extend beyond 
the end of 1917, at which time they suggested a ye 
in the neighbourhood of 90 percent. There is evidence 
that the upward movement has not been arrested ; 
but the data available for measuring its extent are 
altogether inadequate. United States.—Official and 
competent unofficial estimates would indicate an 
approximate rise of 90 per cent. for men and 70 a 
cent. for women. Jtaly.—The only figures available 
for showing the general trend of money since 
1914 are supplied by the U.S. Commercial Attaché at 
Rome, and point to a rise of about 180 per cent.” 





We are informed that agreement has now been arrived 
at as between the London members of the National 
Federated Electrical Association and the London Dis- 
trict Committee of the Electrical Trades Union as to 
rates and working conditions. The agreement, which 
was signed by both parties on February 27, makes the 
rate now payable to a fully qualified electrician 2s. 3d. 
per hour, and assistants over 21, ls. 9d. per hour, the 
men to get from home to job and from job to their 
homes in their own time if the job is within the agreed 
upon area, namely, 12 miles from Charing Cross and 
within 12 miles of the employers’ office. A Joint Com- 
mittee has been set up to adjudicate on any disputes 
that might arise as between the parties, also as to the 
interpretation of the rules, and to consider, for sub- 
mission to the ager: any further rules which might 

suggested. e signing of this agreement will, it 
is hoped, do away with the friction that has existed 
for many years between the members of the E.T.U. 
and their contractor-employers. 





Evscrrican Piant ror Sours Arrica.—With refer- 


ence to the announcement on 298 ante, respecting a 
call for tenders for the su A electrical plant to the 
Oudtshoorn Municipality, . Trade i at 


Cape Town states that the time for lodging tenders has 
been extended trum March 24 to April 24. 





Roapsiwe Moror Fvuet Surrry Sration.—The 
Automobile Association and Motor Union state that 
a complete motor spirit bulk storage station on the latest 

insealled at Aldermaston, on the Bath 
This is the first of its kind in Great Brita, and 
is the first of a series being erected the Automobile 


being installed with a view to popularising bulk storage 
and to e to the motorist and to the motor spirit 
retailer. that the system is one which should be universally 
adopted, as, when the system is the cost of 
distribution and, therefore, the cost of fuel to the motorist 
can be very 2; bly reduced. The Automobile 
on add they make no profit on any of the 
spirit sold, but allow th local Automobile ‘ , 
rarthey + pet odrw the inenemetiee, Sox ote = 
it in the most practical manner. For the mom 

the quality of which conforms with the 
specification approved by the Automobile Association, 
is stocked, but.as and when other fuele— 
such, for instance, as power on the market, 





alcohol—come 
it is probable that they will also be supplied. 
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FLYING BOATS—THE FORM AND 
DIMENSIONS OF THEIR HULL.* 
By, G. 8. Baxrer, Member. 
Summary. 


TxE development of speed in transit in various cases 
and the strategic and commercial value of aeroplane 
carriers are considered. The relative advantages and 
disadvantages of flying boats and land machines so far as 
Great Britain is concerned are stated. 

The dynamic requirements of the hull are given, and 
are considered in detail under the several headi 
of diving at low speed, and seaworthiness (§6), ability 
to change trim at high speeds (§7). 

Detail consideration is given to the subject of main 
dimensions of hull in general, loading up a hull of varying 
beam (on propulsion and transverse stability) (§§10, 11), 
number and position of steps, and longitudinal contour 
of ends, and requirements of wing floats. 

A comparison is made between results obtained in full- 
scale tests, and of similar results deduced from tank 
results. 

A short account of work done in connection with 
stresses on the hull of a float, when moving in waves on 
the water, and formula for calculating the resulting 
bending moments, and maximum impact blows are 
given, together with approximate figures for maximum 
local stresses obtained from tests on a machine in smooth 
water. 

The major part of the paper is based on research work 
carried out for the Advisory Committee on Aeronautics 
by the author and Mr. E. M. Keary. Mr. G. H. Bottomle 
was in charge of the impact experiments with models 
mentioned in §19. The author wishes to record his 
obligations to his staff, and these two in icular, for 
their devotion and skill in carrying out the work. His 
thanks are also due to Wing Commander Busteed, 
R.A.F., without whose support the full-scale work, 
which the Tank has carried out at the Isle of Grain 
®xperiment Station, would not have been possible. 


INTRODUCTORY. 


§1. The subject of the paper is one which in its infancy 
has been considered one of aeronautics only, but the 
passing of time is bringing it more and more in the realm 
of shipbuilding, and the knowledge and art of the ship- 
builder are becoming a necessary adjunct to progress 
in flying at sea, and will become even more so as the 
flying machine increases in size. 

Before passing to the design of the fiying boat hull, 
it may serve a useful pes if some reference is made 
to the development of speed both on the water and in 
the air, for progress in either of these may, and probably 
will, have a large effect upon commercial activity in the 
other. ‘There is a fascination in speed which has been felt 
by mankind in all ages, and its attainment has always 
been, and will continue to be, the predominant element 
in sport. Any device or invention which has demon- 
strated its reliability in the sporting world as a speed 
producer is almost certain to find a place in the com- 
mercial world. For in all transit problems accepting 
reliability, the only test of any means of transport is: 
““Can more profit be secured in this way than in some 
other way?” Apart from commercialism, however, 
speed is of such strategetic and tactical value, that, in 
recent years, it has been the leading consideration in 
many designs and types of ship. In the last fifteen years 
the speed of all battleships has increased 26 per cent. 
to 40 per cent.; the speed of submarines has doubled 
and destroyers can now do 40 knots. With increase 
in speed on the water, types have been developed which 
evade the most serious cause of resistance at high 
by so utilising the pressure in the water that the vessel 
is lifted to the surface and skims on the top. The racing 
motor boat and the “coastal motor boat” are of this 
wee and this will be the next step in destroyer design. 
When the resistance approximates to one-eighth the 
displacement it is a debatable question whether it is not 
easier to travel by air than water. This is about 
the resistance of an air machine, and provided the 


necessary power can be installed and utilised in the 
machine, the air has several advantages over the water. 
§2. A flying boat is essentially a flying machine for 


travelling over the water from port to port. It differs 
from the seaplane in having only one float which acts 
as a fuselage and to which are attached the main and 
tail air-wings. Compared with a land machine it has 
several advantages and disadvantages. Of the latter 
the chief are :— 

(a) That it can only rise and settle on water and 
cannot be used for inland traffic unless there is a fair 
expanse of inland water. Several water machines have 
been built for this purpose, the Sopwith Bat boat taking 
the Mortimer —- prize in June, 1913, for getting off 
from the sea and coming down on land, and starting 
from land and alighting on the sea. There is little 
doubt that in small machines at least, this difficulty 
could be overcome, if there was a real demand for an 
—— machine. 

(6) Unless carefully designed it is a little slower in 
speed and cannot be put through the same stunt per- 
formances as a land machine. However, one of the most 
severe stunt tests is to loop the loop, and a flying boat 
designed by the Supermarine Aviat'on Company was 
looped in 1918, the —— being Captain Goodwin. 

(c) In all probability a fying boat aerodrome would 

uire a slightly larger , unless the boats are 
ciently seaworthy to remain anchored out in moderate 
weather. The importance of this factor diminishes with 


be Paper read before the North-East Coast Institution 
<5 and Shipbuilders, on Friday, February 27, 








the increase in the size of aerodrome, and most of the 
types mentioned in the paper have shown themselves 
capable of weathering severe sea conditions—in one case 
a prolonged gale on an open coast. 

Against these have to be balanced the advantages :— 

1. The very serious difficulty with heavy land machines 
—the pressure on the chassis wheels—is entirely absent 
in flying boats. 

2. It is not restricted to certain aerodromes for settling, 
but can settle safely at any post required. 

3. The main use of aero’ © carriers in the immediate 
future will be on such trade routes as are not served b 
fast railways, and, as far as Great Britain is concerned, 
the trade routes to Scandinavia. The ports of Germany 
and America are almost entirely reached by water, and 
any machine not capable of settling on the water would 
hardly come up to accepted standards of safety on these 
routes. 

This serious disability of land machines working on 
water routes was brought out geeonaly last summer by 
their failure to leave Newfoundland for many weeks, 
and the ease with which the American flying boats left 
soon after their arrival. It has also been demonstrated 
since the armistice by the loss of land machines in the 
English Channel and the Mediterranean. 

§3. Reliability of service is an essential for any transit 
service. On this matter the author is hardly in a position 
to make any authoritative statement. is own ex- 
perience has been confined to experimental work for 
which fine weather was required, and he can only quote 
Mr. Holt Thomas, who states that it should be possible 
to obtain an 80 per cent. efficiency on the London—Paris 
route, and the res given in “‘The Daily Mail Year 
Book,”’ which show a 96 per cent. efficiency for the six 
weeks, August 25 to October 4. 

In some respects the paper is incomplete, but that is a 

ity in dealing with a subject on which exact data 
is very scarce, 





Fiymse Boat Huts. 


§4. In the course of the last seven years, several ty 
of flying boats have been designed and flown, 

sactionlly all of them are on the same general lines, 

juccess in the hull design, however, depends on detail 
to a very large extent, and the purpose of the paper is to 
bring out the essential factors and to show the effect of 
variation in certain features of design, as determined 
by tank and full-scale work. 

A flying-boat hull replaces the carriage, body and 
fuselage of an ordinary land machine, and the main 
wing surfaces, and usually the tail wing system, are 
attached directly to it. The lower surface of the hull 
is of the hydroplane type, having a step in the bottom 
at or about the iongitudinal position of the centre of 
gravity of the machine. As the hull carries the tail 
system it is made longer and finer than is necessary for 
either buoyancy or planing purposes. The planing 
surface of the forebody is usually made of greater beam 
than the body of the hull to secure a large —— area 
and buoyancy forward, without large weight of hull. 

All modern fiying boats have a negative metacentric 
height when at rest, and require small floats to keep the 
wings from contact with the water. This is dealt with 
in §11. 

§5. Dynamic Requirements of Hull_—When the machine 
is flown from rest, like all other water vessels, its first 
tendency is to sink to a slightly lower level and to trim 
forward—the trim being increased a little by the high 
position of the propellers. Above 12 knots or 14 knots, 
it trims back and ultimately planes—usually at speeds 
varying from 18 knots to 24 knots according to loading. 
After the planing speed is reached, the stern trim eit! 
remains constant or slowly diminishes and from this 
stage onwards until the flying speed is reached, the pilot 
can control the longitudinal inclination within certain 
limits. For good performance therefore three things are 

ui 

(a) Absence of diving or nosing under at any speed. 

(b) Seaworthiness and absence of any tendency to 
leave the water before flying speed is reached, either by 
porpoising or bucking. 

(c) Ability to change trim with reasonable control 
moment when near the flying speed, so that the machine 
can be held on or got off the water at any instant. 

§6. Diving at Low Speed.—This could easily be avoided 
by elongating the bow; hut a long bow is a serious 
objection in the air, as it adds unnecessary weight and 
tends to directional instability. Rapid changes of 
curvature of the planing bottom in the longitudinal 
direction should be avoided, the chine lifted gradually 
towards the fore end and the beam over chine main- 
tained fairly full towards the bow. Under these circum- 
stances diving will not show itself unless the hull is 
overloaded. 

Seaworthiness and Porpoising.—At low or taxi = 
the conditions are much the same as for motor ts, 
and to some extent must be met in the same way, by 
keeping the chine fairly high and full in plan at the fore 
end. “The sections should be shaped to divide the water 
easily and beat it down, and for the latter require to 

ve a reasonably flat surface on each side close to and 
beneath the chine. If the sections are made V in shape 
from middle line to chine, more spray is thrown —— 
the steeper the V the higher the spray is thrown. ork- 
ing longitudinal ribands under the bottom had little 
or no effect on this spray, but‘similar ribands along the 
lower edge of the chine of a model pegs Pb mmm 
reduced the spray a little, at and above the ip speed. 
Above taxi and when accelerating to off, 
many fiyi ts if left to themselves will op 

wileat oscillations, leading to the machine 
leaps off the water—a phenomenon usually 
porpoising or bucking ing to the type of oscillation. 
some types which possess this defect it can be easily 
overcome by small and steady moments exerted by the 


ut 


— 





elevator, The heavier the machine the more important 


are the stresses uced by the im at the end_of 

— leap, and more objectionable does this feature 
me. 

The lo e preptiding te Gelayed, Gs quater Se 

damping effect of the wings, and the more air control 


Pine has over the machine, while the acon 
of checking any oscillation is also greater. True - 
poising never develops in smooth water until the is 
planing cleanly, and, where there is ample horse- 

or propulsion, it is better to keep this minimum i 
speed as high as ible. Reduction of depth of step 
to nil at the middle line, or increase in slant of cross- 
sections near the step are both effective in this direction. 
Tank experiments have led to the development of several 
forms which do not porpoise at all, even on omen sea. 
These have two steps, kept as far apart as possible, the 
rear step being shaped to meet the water — 
front step at a relatively small angle, the ing 
given a deep V for this purpose. These machines run at 
moderate speeds with water in contact with both steps 
and the hull between them, By far the major portion 
of the load is then taken on the fore-body, which is also 
responsible for nine-tenths of the water resistance. 
The after step is giving a little lift and serves to balance 
the tipping moment due to the forebody and the slight 
suction developed between the two steps, 

‘The centre of gravity should be at or abaft the step. 
There is no critical point in this connection, but the 
latter gives better results, and earlier porpoising has 
resulted in several cases by taking the centre of, gravity 
of the machine forward. 

§7. Change of Trim at High S: .—it 1s desirable 
that a machine should be taken the water soon after 
it has reached its minimum flying speed, so that the shape 
of the float must allow of the pilot trimming the machine 
back to the necessary angle without the tail hammering 
on the water, and this must be achieved without the use 
of excessive control moments. 

If the hull is stable longitudinally it will have a 
natural running angle of its own, which is determined 
by the relative, tions of the steps and tail until the 
getting-off is nearly reached, when the relatively 
greater air forces are the main factors in determining 
this angle (see also §13). When the front step is on the 
water it leaves a shallow furrow in which the rear step 
or tail works, so that the longitudinal line joining the 
two steps is at a slight positive angle; this is a rough 
criterion to the natural running 
change in shape of transverse section, particularly of the 
rear step, affects this to some extent, and experiments 
are required to determine it for any new type. When 
this is known the hull should be arranged on the machine 
so that the wing chords are at the angle for minimum 
flying speed when the hull is nearly at its natural running 

e 


machine in settling should always do so with stern 
trim. This ensures low flying , and first contact 
with the water on the second step, é.e., aft the centre of 


gravity. Settling at small angles mean water contacts 
at hig! with a large area of bottom, and a possible 
awkw: leap off the water, All modern flying boat 


hulls have good restoring moments if held forward even 
to minus one or two pe men on the hull, but if the 
machine settles with the fore body at negative angles of 
more than 3 deg. or 4 deg. (i.¢., the planing bottom at 
negative angles) the hull in some cases will not lift, but 
continues to enter the water or dive—leading to the 
breaking up of the machine. 

To ensure easy contact when settling on the water all 
large machines are formed with V or rounded sections 
below the chine line. First contact is then made on the 
keel, or ridge of the V, at the first or second step, and with 
average pilotage there is no shock. In the “‘ America 
and “F” types the angle of the V at the step varies 
from 145 deg. to 160 deg. In later types such as the C.E. 1 
the angle of the V at the keel is 130 deg., but taken from 
keel to chine is 147 deg. Both of these types have good 
reputations for settling. In recent designs of large boats 
the angle has dropped to 130 deg. 

§8. Main Dimensions.—It is of great importance that 
these should be as small as ible consistent with good 
design. A large hull has t objectionable features— 
greater (and useless) weight to be carried, greater air 
resistance, and lower centre of gravity. 

The length from the centre of gravity to the tip of 
tail is fixed by aerodynamic requirements as the tail 
carries the tail fin and rudder system. The length 
forward of the centre of gravity should be the least 
possible consistent with pleating and reasonable 
seaworthiness. This has in practice 
by experience, experiments in the Tank being used to 
determine the comparative behaviour of any form when 
modified in this respect. 

Fig. 1 has been drawn to show the effect of increase 
in all dimensions of hull upon the horse-power required 
at low speeds up to the hump with a certain load (10,000 
Ib.), As the larger hull will involve @ greater weight, 
it has been assumed that the relative weight of hull 
varies as the total area of skin of vessel. Table I gives 
the dimensions, and weights so obtained. The smaller 
hull requires more power on the water near the hump 
speed, but the decrease in weight of hull is sufficient to 
compensate for the extra weight of engine required, and 
the weight is utilised for propulsion in the air instead of 
being mere deadweight. 

ae The maximum loading which ean be carried on a 
hull of the P. 5 type has been determined by a series 
of model experiments. The lines and dimensions of this 
form, to carry 90,000 Ib. with a minimum flying speed of 
560 knots are given in Fig. 2. The horse-power to over- 
come the hull resistance, running angle, &c., are also 
given for this form in Fig. 3. Better performances have 

obtained as is detailed later, with modifications 
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of the type, but only with sacrifice of load enqenty- 
This is the best or optimistic load—not a design load— 
which can ied in this hull, to give good results. 
For a displacement of 10,000 Ib. ak the same flying 
speed, with one ex ion all the dimensions can be 
halved; but the forebody length requires to be about 
18 ft., é.e., @ little more than one-half, to give good 
results at low speeds. 


Tazix I.—Comparison of Effect of Size for Constant Load. 


Type 223 at 10,000 Ib. displacement. 
61-3 knots um flying speed. 

Stem to main step -. 0-44 f le " 
Main step to second step 0-22 of length. 
Main step to os en -. 0-56 of length. 
C.G, of machine above bottom of 

forestep .. nA oe -. 8-2 ft. 
Propeller axis above bottom 

aoe ys | KS ea ry -» 18-2 ft. 
iengt hull (overall) in feet .. 35 46°4 
Maximum beam— 

Over body in feet ‘ -- 4:28 5-0 5-65 

Over chine in feet athe oar.) 70 7:9 
Maximum E.H.P. .. a .. 144-0 116-5 106-0 
Speed for maximum E.H.P. in 

knots bs 26 os +» 1090 20-0 20-5 
Relative weight of hull—pounds.. 425-0 580-0 750-0 


When a hull is loaded to excess, it develops a tendency 
to wallow or nose under at speeds in the neighbourhood 
of 10 knots to 13 knots, and it is at these low s that 
the bad effect of loading is mostly felt. At higher s 
the wash thrown up from the chine of the fore-body 
increases in height with loading and may damage the 
propeller, if this happens to be in the line of the divergent 
wave. The hump speed and flying are both 
increased by loading, and the ratio of lift to resistance 
for any speed falls a little. 

§10. Beam.—In the earlier t considerable attention 
appears to have been given to the retention of an upright 
position when at rest. This involved either twin floats 
or single floats of large beam. Experiments were there- 
fore made in the tank in 1915 to determine the effect of 
beam on propulsion, and later on transverse stability. 
The first experiments were made on the America type. 
The general dimensions of the early America type are 
given in Table III, and the lines in Fig. 2. This ty 
was tried with beams of 8 ft. and 6 ft. with plain V- 
sections to the fore-body as in Fig. 2; and with sections 
rounded as in the body plan. It was found that the 
reduction of beam produced only a slight increase n the 
maximum power required for propulsion. 

Similar experiments were made on hulls of the same 
type as P. 5 (Fig. 2), tank models number 223 A, B, 
and 222, and more recently on other models of this type 
(models 389, &c.). These results are summarised in 
Table II. It will be seen that when the beam is narrow 


Taste II.—Variation of Maximum Power with Hull 
Beam. 


Machine of 10,000 Lb. Total Displacement. 








Percentage 
Models | Beam | Merease Hull 
Com- over hr 1 Ft Length Remarks. 
pared. Chine. Decrease in Overall. 
Beam. 
222 Pa Vo |r te 
“5 9-75 41-0 'wo-step type. 
223B 5-26 st 
223 B 5-25 6°85 41-0 Two-step type. 
2223 A 7-0 
130 E 5-36 8-12 46-9 | America type with 
130 D 7-14 curved sections to 
bottom. 
389 A 6-53 2-76 39-0 | Two-step P. 5 type. 
(deep) Beam varied keep- 
389 © 9-80 constant rise of 
(deep) ch above keel 
at all sections. 
390 A 7-04 1-45 42-0 | Two-step P. 5 type. 
890 C 10-56 Beam varied keep- 
ing slant of all 
sections constant. 
150 A 8-5 0-87 44-6 | America type. 
147A | 10°9 

















Model 222 was a distinctly “dirty” model, and created a 
much worse water disturbance than model 223 B, with which it is 
com pared. 
for the length, a change ir beam produces a fair change 
in maximum power required to overcome the water 
resistance ; but when the lifting surface is sufficient to 
give clean running, there is very little to be gained by 
increase in beam—not sufficient to compensate for the 
extra weight involved. These maximum powers are 
required at a speed roughly 0-4 the minimum flying 


speed of the machine, @ little lower with wide 
beams or large i yo Re When the speed has 
been accele: to ut 0-7 the flying and 
above, the larger beam is usually somew more 


resistful than a narrow one. The general effect is 
independent of My float and of the mode of varying 
the Seon within limits of tank experiments, and of 
the minimum flying speed. 
§1l. Flying boats, even though they are given quite 
beams—up to a quarter their | unstable 
transversely, and without wing or -float support, 
would topple over at rest. Reduction of beam only 
renders this ive metacentric height a little greater, 
and pute a li more load on the wing floats. In an 
ordinary breeze the machine will cant slightly to one side. 
With a fair ive metacentric height it will remain 
canted to one side, instead of from one side to the 
other with any small change in ing, direction of 


wind or sea. ore reaching high this instability 
anit Ginagpene of Maal, or tha piles amuet be able te 


Taste IIIl.—Drimensions or TypicaL Fiyine Boats. 























Type of Hull. * 
America | F. 5. | C.E.L. A.D. | P. 5/2. | 416. 
Tank model No, 147A 382 D 272D —— —- 353 A 416 
Total weight, in pounds 4,500 12,000 4,000* 3,460 12,000 90,000 
Getting-off speed, in knots 41-0 _ 43-0 50-0 49-0 50-0 
Length of hull in feet— 
Stem to step a o9 be - 11-5 21-4 12-3 13-5 18-0 30-0 
Between steps % on es -- | Tail is the 7-0 Tail is the 7-9 13-5 32-0 
step step 
Overall “ei st 30-0 45-0 28-0 30-0 45-0 
Maximum beam in feet— 
Over body .. ws . 4-0 5-2 3-54 4-0 5+7 11-0 
Overchine .. ‘a es es oe 8-0 10-0 4-83 4-0 7:7 14-1 
Load per square foot of fore body planing 56-25 70°35 83-3 91-2 107-65 254-7 
surface (in plan) 
Wing chord to datum, in degrees... oa +3-0 +4:-0 7-0 +2-0 = — 
Inclination of tangent to keel at front step .. 0-0 +3-5 1-0 1-0 —2-0 —2-0 
Inclination of line from chine of front step to —5-0 —4-0 —4:5 — —5-0 —5-0 
chine of second step (in degrees) 
Inclination of line from kee! of front step to —6-0 —7-0 —3-5 —5-0 —7°5 —_ 
keel of second step 
Inclination of datum to horizontal at high 71 5-5 to 9-0 3-0 7-0 7-0 9-0 
speed when rear step or tail is just flicking 
water (degrees) 
Centre of gravity— 
Above bottom of step, in feet 6-0 6-6 5°5 5-8 7-0 15-2 
Relative to step, infeet .. ae 2-0 For’d 3-1 For’d 2-1 Aft 0-6 For’d 0-5 Aft Over 
Prop. above bottom of step, in feet .. 6-9 10°7 9-0 9-5 9-5 20°5 
Nominal engine brake horse-power .. 160 — 250 180 700 oo 

















* Has been tested to 4,650 Ib. without porpoising and without control. 


Fig.1. EFFECT OF HULL DIMENSION ON 
POWER REQUIRED TO OVERCOME 
WATER RESISTANCE. 





0 
\pesea) Scale of Knots for Machine. 


eliminate it. Experiments made in the tank have shown 
that a hull whose breadth was only 2/17 its length, 
having a negative metacentric height of 2-5 ft., came 
upright of its own accord when the planing speed had 
been reached (21 knots) and was stable at higher speeds. 
The experiments were made on a model 8-5 ft. in length, 
fitted with air wing surfaces so as to obtain and measure 
any effect due to the proximity of the air surface to the 
water surface. The transverse instability was ascer- 
tained by measuring the vertical force required at the 
wing float position to keep the wing tip just out of water 
at a series of speeds. The planing surface of the hull was 
given convex, concave and straight V transverse sections 
in different experiments ; but shape of section very 
little effect on the general result. The presence of the 
wing caused a slight reduction of the instability, but it 
was never important, and the hull, without any wing lift, 
came almost upright at 21 knots of its own accord and 
with full load on it. These results were obtained with 
forms having a reasonably good planing surface, and 
warrant the conclusion that beam may be reduced on any 
hull to the lowest limit for propulsive efficiency, without 
fear of ill-effect on transverse stability. The 
result was confirmed by an experiment carried out on an 
A.D. machine at Southampton. This had a negative 
metacentric height of 1-5 ft. at rest, but came upright 
—both wing floats off the water—at 25 knots to 30 knots, 
in a light breeze. 

$12. Number and Position of Stepe—The main step 
is required to be more or less under the"centre of gravity 
of the machine. Reasonable variations of longitudinal 
position can be made without serious effect on the 
resistance, but the change of —— attitude when 
running may be important—a shift of step aft always 
reduces the running angle. An experimental ine of 
4,600 Ib. total weight, America type, having its only 
step 4 ft. aft of the centre of gravity of machine, had 
insufficient elevator control to trim it back for getti 
off, and this could only be effected by rocking an 
jumping it off. In some machines in which the step 
was placed a little before or under the centre of gravit; 
the longitudinal stability on the water has been - 
ingly good. The shape of the section at the main step 
has been referred to in §7 in connection with settling. 
Small transverse inclination of section has little effect 
the propulsive efficiency, and if the V of the bottom 
associated with a flat at the side near the chine, as in the 
P. 512 and 416 forms, Fig. 2, angles of V up to 130 deg. 


Fig.3. RESISTANCE AND EFFICIENCY 
CURVES FOR VARIOUS TYPES. 


V le the Cotting OFF Speed. " oad on Water, P 


CEL. Type. 
— Aimericu - 


—— FS. 94 
Ps. * 
416 


in Knots 





(6232) 


can be accepted. In plan the step section may be 
ectly square to the middle line plane or brought 
orward towards the sides—it makes little difference to the 
result. Air pipes were used in some original hulls 

or ventilating or supplying air to the step, but have 
been given up in favour wt better shape of hull, as they 
were always a source of weakness. t 
step should increase steadily from the keel to the side 
of the float and just abaft the step; the hull should be 
up to give an abrupt break in the form, at the 

rem This method of ventilation was adopted success- 
in the Thornycroft and some other types of 
“planing” boete, and hen been used in many fying 


A second step, or something which behaves as, or 
the place of, a second step, is necessary in # flying 
boat. Without it the machine cannot be “ unstuck. 
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in Fig. 3. These powers are for air and water resistance 
of hull only, the load on the hull being decreased as the 
speed is i es ne ee " 
The total weight and getting-off speeds are given on 

resistance curve for each type. It should be noted that 
the ratios of load to resistance are smaller than are 
obtained with skimming boats, largely because the latter 
invariably run at angles of attack which are much 
smaller t could be accepted for a flying-boat hull. 





One of the objects in view in the design of the hull of the 
machine had been the avoidance of ising, and the 
tank experiments showed that this been obtained. 
The machine was therefor allowed to accelerate to the 
flying speed, without the use of elevator controls. The 
experiment was repeated with different setting of the tail 
system, but in each case the behaviour was the same, 
and as was predicted from the tank results. The machine 
showed no sign of porpoising and flew off without the 





well clear of the water. The chine line at main ste 
will then be slightly lower than the general water bool, 
and the bottom of the wing floats should be at least 
2 ft. to 3 ft. above this level for a machine of about 
10,000 Ib. weight and above. In small machines, this 
clearance might lead to undesirable inclinations ; when at 
rest the transverse inclination should not exceed 3,deg. 
to 4 deg. and less clearance has to be accepted_in their 
cases. 





























Fie. 4. P 5/2 Fryrne Boat Serriinea. 


Fic. 5. Four-Seater Frye 


BoaT IMMEDIATELY AFTER CONTACT WITH WATER. 











If oor flying boat is deliberately trimmed forward to 
slightly smaller angles at high speed, a better result than 
that given can sometimes obtained, and this is one 
method of accelerating quickly which can be adopted 
by a skilful pilot. 

16. The results given in the preceding sections are to 


@ large extent based upon model experiments. The 
desira Tt of comparing the ormance of machine 
and model was fully recognised, and in April, 1918, a 


machine of C.E.1 type was allocated for this purpose. 
This machine was towed early in 1918 at the mouth of 
the Thames, by a torpedo-boat destroyer at a series of 
speeds, and its resistance, attitude, &c., were measured. 











Fie. 6. C.E.I. Type or Fiyrna Boat at AncHor. 


controls being touched. The measured pulls and attitude 
of the machine and similar data estimated from the 
model results (air resistance being added from data 
obtained by the R.A.E. on a small model) are given in 
Table IV. The ment in resistance, running angle 
and stability was very satisfactory. Results obtained in 
trial flights with America and P/5 machines have also 
confirmed isolated detail predictions based on tank 
experiments, and warrant the use of model results for 
estimating works. 

§17. Wing Floats.—These are secured to the underside 
of the lower wing, immediately below one of the struts. 
When planing at high speeds, both wing floats should be 





When lying at rest, with one wing float in the water, 
the tip of the after edge of the wing should be 2 ft. to 
3 ft. above the water to be clear of waves. If the 
machine is to be anchored out, there should be such 
reserve buoyancy in the wing float that, with a heavy 
cross wind, the leeward wing should still be above 
ordinary waves. For the purpose of calculating the 
required reserve buoyancy it has been assumed at the 
Tank (1) that the machine has pitched to an angle of 
about 12 . on the wing chord (or about 7 deg. above 
the “ at rest” angle); (2) that a 25-knot breeze produced 
a lift on the wings of 2-5 lb. per square foot, and (3) that 
the centre of pr of both wings on the windward 
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side was one-third their length from the tip, and on the 
leeward side one-third their length from the hull. 
Knowing the wing surface the tipping moment for a 
25-knot breeze can be obtained, and the pen Fate 
required at the wing float position is then easily obtained. 
The clearance of the wing tip, when the wing float is 
immersed to give this extra buoyancy would depend 
upon the service and size of the machine. Consistent 
with satisfying these requirements its cross-section area 
should be kept as small as ible, so as to avoid wastage 
of wing surface (shro by the float) and head 
resistance, 


TaBLeE IV.—Comparison 0 Model Estimate and Actual 
Results. 








—_ oad 

3 |a3 2° é z Wing Chord 

be feo] de | 
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; |a.4| 222| 32 | &, 
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knots Ib, Ib. Ib. Ib. deg. deg. 

9-3 455 33 488 560 12-0 11°3 

11-5 520 52 572 640 13-1 12-3 

14-5 678 80 760 670 12-7 12-7 

15°2 5 95 801 760 14-6 13-0 

17-0 678 133 811 850 14-7 14-5 

19+3 680 181 861 870 15-9 15-0 

20-2 679 201 880 870 15-8 15-1 

24°8 _ _- _- _- 14-2 15-1 





























The speed at which the main step cleared was 12-7 knots when 
taxi-ing (wing chord 12-1 deg.) and 11-5 knots when towed (wing 
chord 13-1 deg.). Model tests gave this speed as 13 knots with 
angle of wing chord 13-5 deg. 








model was drop on the water whilst moving at 
various horizontal speeds. The attitude of model and 
height of drop have been varied, so that the direction 
of motion, and the angle at which the bottom struck the 
water were vari The blow. was ascertained by 
measuring the deceleration on impact and taking the 
force to be the product of virtual mass and deceleration. 
Three t; of Colter were tried, ——- perfectly flat, 
straight V and hollow V cross-sections. The results were 
expressed by the following formula :— 
Maximum blow in lb. = P = A 3 Ve 
A being the displ t in pound 
V;. the resultant velocity of the float in knots. 
forward velocity on impact. 
vertical velocity on impact. 
k = a constant. 


The constant k to be used varies a little with attitude 
of hull at impact and type of section, and is given below. 


w— 1. 
x 




















Hull having Hollow 
Cross-Section nearly 
Hull having Cross- Horizontal, 
— Section at Step Plain 
V of Degrees, ag 
Chine. at Keel. 
Angle of oop to 
horizontal .. 3 deg. 6 deg. $ deg. 6 deg. 
Constant & ee 3-1 3-4 2-9 2-4 














The flat bottom was about 40 per cent. worse than the 
form with plain V at high speed, but the difference 
diminished as speed was dropped. 


TABLE V.—Some Tyres or Frytne Boats. 


Designed and constructed by the firms named. 
The speed given is that for leaving the water, normally slightly above the minimum speed for the machine, 


Dimensions in Feet and Pounds. 





Viking. | Valentia. 























Type Vigilant. | Baby. | Sea Lion. Bat Boat. 
Designed and made by. . Messrs. Vickers, Son, and Maxim Supermarine Aviation Co. Sopwith 
Aviation Co. 
Displacement, Ib. normal cargo 3,200 18,300 101,000 2,300 — 2,150 
Brake horse-power 270 1,300 5,200 — as 100 
No. of propellers 1 2 4 1 _— 1 
Speed, getting-off, in knots 48 “52 49-5 About 50 Ahainas 188 _- 
on trial 
Hull—Length overall .. or 30-2 53-0 120-0 26-0 _ 18-0 
Length (stem to step ).. 10-7 21°6 42-9 “= _ 11-2 
Beam .. met os 4-0 9-0 20-0 i — 4-0 























Pheenix cork has the hull called P/5 in the paper, 
Channe! 4-seater is somewhat s: r to the A.D. type. 
The Sopwith Bat boat, started from the 

The Supermarine Baby was looped twice in February, 1918 


$18. Stresses on the Float Hull due to Water Action.— 
To determine the stresses coming on a hull as a whole, 
the ordinary bending moment calculations have been 
made for a hull supported on wave crests at each end, 
and with the wave hollow amidships just touching the 
keel. Expressed in terms of the length L and displace- 


ment A this gave a bending moment of a If 
pitching takes place, dipping by the bow increases the 
virtual weight of all the parts forward and decreases 
at the stern, The line of action of the virtual gravity 
force of any weights w at y ft. above or below the centre 
of gravity, is such as to give a horizontal component 
of +2y a where BO in the angular acceleration. 
g 

Taking this to be 0-4 radius per second, the calculation 
has been made for the above machine in waves. The 
additional bending moment is not more than 1 per cent. 
or 2 per cent. in this case, but may amount to 17 per 
cent. with other waves. 

Tf the machine is heaving so that it just does not leave 
the water, the water force will v from nil to twice 
its steady value, and the vertical loads will be corre- 


spondingly increased, giving a B.M. of 1 AL. When 


heaving with longitudinal motion, although local forees 
may be increased, the general B.M. is less. This state- 
ment is based on a calculation for the above machine 
at 20 knots, moving with a maximum vertical motion of 
3 ft.-sec. The actual angle of attack of the planing 
bottom varied from 14 deg. to 4 deg., its normal angle at 
this speed being 9 deg. The forces at various immersions, 
and relative motions have been calculated, and the B.M. 
obtained in this way was 4} of AL. The worst B.M. 
likely to be met is of the order of 1/5 AL. No general 
system of calculating these stresses on the hull has been 
adopted so far, and it would appear that until further 
knowledge has been obtained, the worst B.M. may be 
taken as twice that obtained in the ordinary case detailed 
at the beginning of this paragraph. 

§19. The maximum blow received by a hull when 
settling on the water, would depend upon the direction 
of motion at the time of contact. Generally king, 
it would be received in the neighbourhood of the step, 


and the worst case would be, if it were taken who y\J 


there. Experiments have been made in the tank to 
measure the magnitude of this blow, and the extent to 
which it varies with shape of section at the step. A 





sea and settled on the land, and started from the land and settled on the sea in 1913, 


A machine of 10,000 lb. weight, planing down at an 
angle of 1/20, float bottom inclined at 6 deg., at a speed 
of 55 knots, would therefore strike the water with a 
maximum blow of 16,400 Ib. or 13,500 lb., according to 
shape of bottom, and this would be concentrated over the 
full width of the bottom for about 2 ft. to 3 ft. forward 
of the step. 

It is difficult to calculate what the local forces would 
amount to, either when taxi-ing or settling. Recent 
experiments with full-size machines have shown that 
these forces seldom exceed 2 lb. to 4 lb, per square inch, 
the sea surface being nearly smooth. They were sufficient 
to produce marked. panting motion in the bottom of 
the machine used—and to produce leakage. Owing to 
damage of the machine, similar experiments in rough 
water have not yet been made. 





We su 


lement the illustrations in the by three 
photogra; 


ical views of flying boats on the opposite page. 





METALLOGRAPHICAL STUDY ON 
GALVANISED STEEL.* 
By Y. Tast1, Constructor-Lieutenant, I.J.N., Member. 

To galvanise steel materials as a protection from its 
corrosion is a popular practice in dockyards as well as 
in iron firms. Particularly for ships of extremely light 
seantlings as destroyers it is the essential thing for 
Ege reg — porn jon. ae 

jice 0! vanising is a very sim 
and wiltdiiown iensiee, but with regard to the Bn 
graphical structure and its effect on the strength, there 
have been few publications dealing with the matter in 
detail, although it is already known that the galvanised 
iron has in general two layers of the coating near its 
surface, i.¢., iron-zinc alloy and zinc itself. 

1. Iron-Zine Alloy.—The chemical properties of: the 
iron-zine compounds or the alloy are not very popularl 
known, even in technical circler. The only rte | 
paper which deals with the problem very clearly is 
that of Mr. Vegesackt, so far as the author is aware. 

The existence of a chemical compound of iron and zine 





* Paper read before the Society of Naval Architects, 


apan. 

} See Zeitschrift fiir Anorganische Chemie, Band lii, 

Pee 30, 1907, ‘*Uber Zinc-Thallium und Zink- 
legierungen,”” Von A. V. Vegesack. 





has been proved by several investigators by analysing 
the deposit on the bottom of a zinc-melting bath made 
of iron. 


These compounds were of 5 per cent. to 6-24 cent. 
of iron, 99-76 per cent. to 93-01 per cent. of zinc, with 
a very small quantity of carbon or some other impurities. 
From V ’s investigation we know— 


1. The alloy of iron and zinc with 11 per cent. to 
24 cent, of Fe consists of some unknown 
and liquid in @ temperature sbout 777 deg. » At 


171 deg, Se-eaeee e liquid form @ compound 
2. The properties of alloy with 0-7 per cent. to 11 per 
cent. Fe are rather 
(a) With Fe above 3-5 
of FeZn; and ata 


und, " 
poo) ‘At @ temperature between 422 deg. and 662 deg. O. 
it consists generally of FeZn; and FeZnz, or their mixed 

c) At 422 ., the with 7°3 cent. of Fe 
rats Stainton alia tol in 2° 


mi “m,” having different of 
Poles and FeZor, "The mised orgetel “nia 8 ve 
hard an , but “m” is only a little 
harder than pure zinc. 
Fig. CRYSTALLISATION CURVES OF IRON-ZINC ALLOY. 
. / +Liquid 
860) Liquid Oystal-Liqui 






; 








The solidification curve is given in . 1, The 
microstructure of iron-zine is quite t from 
the ordi zine structure, 4 shows a typical 
structure of Fe-Zn alloy with mixed of “m” 


and “n.’’ This material is fairly brittle, 
easily break it by striking with a small hammer, The 
microstructure of zinc which I have used for the present 
a gy oo is shown in Fig. 5. 

. General Construction of the Microstructure of 
Galvanised Steel.—A number of small mild steel blocks 
of cubical shape with sides about 4 in., taken from a 
rectangular rolled bar, were pickled by strong hydrochloric 
acid until their surfaces became quite clean, and then 
were washed thoroughly by water. After drying them 
perfectly, they were immersed in a molten-zine bath 
whose temperature was nearly 650 deg. C. 

The t structures of galvanised steel are shown 
in Figs. 2 and 3. It will be seen that it consists of 
three layers. “‘a” is the layer which is — in 
contact with the steel surface 8. 
and brittle layer, and its direction 
always perpendicular to the steel surface, 

tioned al ay. oven Seay S6.chet Satemet a 
melting bath which was used for a long time, does not 
contain more than inf cent. of iron, so that it will 
be evident that these — will not possibly contain 
more than that quantity of iron. Comparing the 
structure of the first layer “a’ with those obtained 
by the chemical study on the iron-zine compounds, 
it appears to be an iron-zine alloy with about 5 per cent. 

iron. This layer consists of a greater part of “n” 

‘m” crystals. 





crystals and a smaller amount of 
The cleavage line of the crystals is weakest in the 
direction perpendicular to the steel surface, so that this 
layer will separate into numerous by shock or 
strain. But as it is an altogether brittle material, they 
will be broken into several blocks as shown in Fig. 19. 
The second layer “b”’ is Demag = granular structure 
as conglomerate. It is evident that this layer is also 
iron-zine alloy of less Fe contents. This layer appears 
to contain about 2 per cent, of iron. It is not so hard 
or brittle as the layer “a,"’ and is not broken easily by 
shock or strain. The greater part consists of “m”’ 
crystal, and there will be a reduced amount of “n”’ 


stals. 
"The structure of this layer is very similar to an iron- 
zine alloy which is shown in Fig. 4, Sometimes this 
layer consists of numerous hexagonal ew structures 
of less iron contents which may be considered practically 
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(For Description, see Page 327.) 





Fie. 2. Maantrication 160. 





Fie. 7. Maanirtcation 240. 
Trwe 15 Mryvtss. 





Fie. Ll. 
Trwe 90 Minvutss. 


Magentrication 400. 





Fic. 8. MaaniricatTion 400. 





Tre 45 MinvTEs. 


Fie. 12. Fie. 13. 


Fie. 9. MaeniricatTion 400. 
Trmz 45 Mrnvres. 








Fic. 6. Maaenirication 400. Time 15 MrnuTzs. 





Fie. 10. Maanirication 320. 
Tre 60 MrnvurTss. 





Att Srrctwens Ercuep sy Proric Act AND ItLumiNaTED VERTICALLY. 


’ 


as “‘m”™ crystals. The third layer ‘“‘c” is zinc itself, 
which generally has small grain structure as shown in 
Fig. 5. Generally, the contact boundary of “a” and 
“b" layers is distinct, but “b’’ structure will be 
gradually shaded off towards zinc. 

3. The Effect of Zinc for Galvanisation.—In order to 
investigate the alteration of the structure due to the 
duration of galvanisation, specimens were kept in the 
zinc bath from 15 minutes to 150 minutes. The general 
feature will be seen from Figs. 6 to 11. 





In 15 minutes, the majority may be considered as 
““m”’ crystals with a small amount of ‘‘n” crystals, 
as shown in Fig. 6. But they will not lose the hain 
teristic feature of the formation of layers, as previously 
explained. (See Fig. 7.) 

nerally speaking, under 30 minutes, the formation 
of layers is not so perfect as shown in a typical case 
(Fig. 2). The absorption of Fe from steel will not 
exceed more than 3 per cent., so that the first hard 
laminated structure of “‘m” crystals is not formed to 





any great extent, but is only located along the steel 
surface. 

At 45 minutes the formation of the typical structures 
is quite perfect, and the amount of absorption of Fe 
from steel is evidently more than 5 per cent., as in 
Figs. 8 and 9. The laminated hard layer “a’’ some- 
times will have an irregular broken structure when 
the surface of the steel is very rough, as it has more 
freedom for crystallisation than on a smooth surface 
where there is no space for the escape of the zinc-alloy 
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Fie. 15. SHowre SEGREGATION OF 
FERRITE. 
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TENSILE TEST OF 
GALVANISED WIRES. 
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solution. In some cases, however, this is partly due to 
high brittleness of this layer, and these layers are often 
broken into pieces while polishing, as shown in Fig. 11. 

After 60 minutes, the general feature of the layers is 
not materially altered, except in the increase of thickness 
of the iron-zine alloy layers. But the special phenomena 
due to the long immersion is the penetration of zinc 
into steel as shown in Fig. 10. This phenomena happens 
sometimes even in a short immersion, but it becomes 
very remarkable after 45 minutes. This seems to happen 
through the decarburising effect of zinc, as well as bein, 
due to the existence of the weak decayed part of the stee 
on the surface, accompanied by the natural defects or 
small inlets on the original surface of steel. 

One or two specimens were carefully filed to take off 
some of the thickness of the upper surface of the steel. 
Then the penetration of zinc was practically nil. Thus it 
may be considered that a certain amount of the pene- 
tration of zine into steel will generally happen in the 
ordinary galvanising process. 

4. Galvanised Steel Wires.—Owing to the extraordinary 
increase in the use of galvanised steel wire, the study on 
the effect of galvanisation on its strength and its structure 
will not be of small importance. Particularly for the 
naval services, practically all steel wires are galvanised 
in order to aan corrosion. 

Generally speaking, there are two methods of galvanis- 
ing steel wires. As these wires are generally drawn, 
the first method is to galvanise wires before they are 
drawn, and the second method is after drawing. 

The construction of structure near the surface of the 
wire is practically similar to the previous cases which I 
have already explained. Fig. 12 shows the structures of 
zine and its iron alloy in the vicinity of the surface of 
the wire, which was galvanised after drawing. Fig. 14 
shows the structure of the galvanised part of the wire 
which was galvanised before drawing. In this case it 
will be seen that the whole zinc-iron alloy and zinc layers 
are shifted gradually against the direction of drawing. 

Figs. 15 and 16 show the structure of steel wire near 
the surface. It is possible to see clearly the segregation 
of ferrite. By galvanising steel wires, the segregation of 
ferrite will occur more or less, firstly owing to high 
— of steel, secondly by the decarburising effect 
of zinc, 

Comparing this phenomena with the penetration of 
zine into steel, we find that this segregation is quite 
a different occurrence which will probably happen with 
higher carbon or some special steel:. Referring to the 
two methods of galvanisation, the first is generally con- 
sidered the better, as the wire is not heated in a zinc-bath 
after it is drawn, so that the reduction of strength due 
to reheating should not occur. 

The its given in the next column show a tensile 
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STUDY ON 


Fie. 16. ~Same as Fig. 15 To a 
GreaTER MAGNIFICATION. 


TORTIONAL TEST OF 
GALVANISED WIRES 


Fig. 18. 





and a torsions! test. The torsional test was carried out 
by an Amsler’s torsion machine and the tensile test by 
a 5-ton Buckton machine. 

Curves of the above tests are given in Figs. 17 and 18. 

From the above results the first sons —— we 
supposed to be superior, unfortunately gives an inferior 
ant Ay The main cause will most probably be that the 
wire in the first method was kept too —- molten zine. 
In Fig. 14 the first layer has iron-zinc alloy structure of 
higher content of Fe than that in Fig.12. The segrega- 
tion of ferrite in the first method as shown in Figs. 15 
and 16 is also more serious than that in the first method. 


(A) Tensile Test. 
First Method. cnet) Method. 


Wire ire 
Galvanised Galvanised 


before after 
Ga length, in ins. 3-9 . 
prrahens, ag doit waa 0-128 0-1295 
Young’s modulus, E in 
Ib.jeq.in =... 2s 2115108 = 24-5 108 
Elastic limit, in tons/ 
i ese 58-0 58-2 


sq. in. ... pos ; 
Ultimate strength in 

tons/sq.in. ... sve 0 87-8 
Percentage elongation ... 2-88 per cent 5-76 per cent. 


(B) Torsional Test. 


Wire Wire 
Galvanised Galvanised 
before after 
Drawing. Drawing. 
Length, in ins. ... 6-25 7°5 
Diameter, in ins. ae 0-128 0-1295 
(i) Within elastic limit. 
Torque, ft.-lb. ° 3-34 4-08 
No. of turns twisted 0°221 0-244 
Shearing strength, 
tons /sq. ~ ve - 43-45 51°56 
Modulus of rigidity, 
ane in. eas “ 6-85 x 108 8-72 x 106 
(ii) Beyond elastic limit. 
Torque, ft-.Ib. . 4-84 5-20 
Maximum shearing 
strength, tons/sq. in. 63-0 65-75 
No. of complete turns 15-3 19-0 


The original nature of the steel in both cases is quite 
identical. Its microstructure is shown in Fig. 13. 
Unfortunately the author was unable to obtain the same 

vanised steel wire, so that a comparison with 
aed wire was not possible, but it will be easily under- 
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STEEL. 





Fie. 19. 


stood that the method of galvanisation will very much 
affect its inal strength. 

Although I have explained in detail the structure of 
iron-zine layers, the perfect formation of the layers is not 
necessary for the of protection from corrosion, 
but the essential thing is not to cause any serious altera- 
tion in its st h. Thus in such a fine material as 
wire, the time of immersing it in a zine bath and the 
galvanising method must be carefully studied in order 
to ote the best results. . 

5. fect of Galvanisation on Strength.—It will very 
possibly be understood from the foregoing that the 
——w rocess will have a great effect on the 
strength of the steel, especially if it is a special steel or 
of minute thickness. 

Owing to lack of time, the author could not carry on 
the test in detail, but the following is an example on a 
statical test of a mild steel bar :— 


Before After 


Item. Galvanisation. Galvanisation. 
Ultimate strength 25-2 24-0 
tons/eq.in. tons/sq. in. 
Yielding point ... 22-0 19-0 
tons /sq. in. 
Elongation on 10 dia- 
meters swe one 24-7 25-0 per cent. 


As similar reduction of the strength also SS ee to 
happen in an alternating stress test. By alternative 
application of stress to a galvanised steel, the first 
hard layer of iron-zinc alloy will be broken into several 
portions owing to its brittleness, although the zinc layer 
still remained intact. The feature is clearly shown in 


Fig. 19. 

Fhe author desires to express thanks to Dr. B. P. 
Haigh, of the Royal Naval College, Greenwich, for his 
valuable help and ions, as well as his kind 
enco’ ent, and also to Mr. F. J. A. Pound for his 
most valuable co-operation. 





“Tue Russper Acz.’”’—We have received a copy of 
the first issue of this new monthly, which is published at 
43, Essex-street, Strand, W.C. 2, at the price of ls. 
It deals with indiarubber in all its multitudinous applica- 
tions, the rubber trade, inventions and legal cases 
connected with rubber, and contains a large amount of 
useful information for readers directly and indirectly 
interested in this particular industry. 





Hiox Spzzep Fryive.—We are informed by the Fiat 
Company that another world’s record has been broken 
by the Italian aviator Lieutenant Brack-Papa. On 
Feb: 26, flying an Arf biplane, with four gers 
aboard, he was officially timed to do 161} miles an hour. 
The flight was made from the Mirafiori aerodrome, in 
the suburbs of Turin, and was controlled by the Aero 
Club of Italy. The Arf machine, a high-speed long dis- 
tance cruiser, is built by the Fiat Company and is driven 
w & Fiat 12-cylinder 750 h.p. . This machine 
which is capable of a non-stop flight of 2,500 miles in 
19 hours, already holds the world’s speed record of 166 
miles an hour with pilot only aboard. 





Untversity Cortece, Lonpon, Enorveerimne Founp. 
—His Royal Highness Prince Arthur of Connaught will 

reside, on March 19, at a luncheon to be held at the 

avoy Hotel, when the proposals for the reconstruction 
and the re-equipment of the engi ing laboratories at 
University College, London, will, be explained by the 
treasurer, Sir Ernest Moir, and others. Invitations will 
be issued in a few days. It will be remembered that an 
appeal for 100,000/. towards this object was recently 
issued. over 33,0001. has been collected, that 
is about one-third of the total sum required. It is 
urgently necessary that the whole fund should be sub- 
scribed by June at the latest, in order that the buildings 
may be put in hand. Further donations should be sent 
to H.R.H. Prince Arthur of Connaught, at 42, Upper 
Grosvenor-street. It is hoped that a prompt and 
= ee response to this ap will enable His Royal 

ighness to announce at the luncheon on March 19 
@ very substantial increase of the fund. A number of 
engineering firms have recently responded by sending 
donations. 
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‘* ENGINEERING” ILLUSTRATED PATE 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
are $ where none is mentioned the Specification is not 


ELECTRICAL APPARATUS. 


669. H. Wade, London ( Pabrica Isolatori Livorno, 

horn, Italy). Insulators. (2 Figs.) December 19, 1918.— 
Thisinvention relates to the mount insulators for supporting 
high-tension electric cables. A porcelain insulator for supporting 
high-tension electric cables comprises, according to this invention, 
a thin metal sheet shaped to fit on and cover a large area of the 
upper surface of the insulator, the collar or binding wire fixing 
the cable to the insulator being ted on the said metal sheet. 


Fig.7. 





c 








(138669) i? 


a indicates the insulator, b the collar or binding wire, c the metal 
sheet on the outside of the cup, and d and at the inside metal 
sheets. The metal sheet ¢ and d increases the area of the surface 
of the porcelain which is subjected to the electrostatic stress, 
thus diminishing the said stress per unit of surface and improving 
the working conditions of the insulator. The metal sheet may be 
conveniently replaced by conductive metallic varnish located 
on the outside of the cup and on the surfaces between the parts 
of the insulator. (Accepted December 10, 1919.) 

Pigs.) 


135,747. P. F. Brittain, London. Rotors. (2 
April 4, 1919.—The invention refers to rotors of the kind in which 
conducting rings are provided at and spaced from the ends of | 
same, and flat strip conductors carried by and extending beyond | 
the jbodies of the rotors are secured by their ends to said rings. 


Fig.1. 2. | 





| 

| 
(36%) } 
In the improved rotor provided by the present invention a | 
plurality of spaced flat rings ¢ are provided at one or both ends | 
of the rotorand radial slots f are formed in the or each set of rings | 
and in line with one another, in which slots the corresponding | 
ends of the flat strip conductors ¢ are fitted and secured. | 
(Accepted December 10, 1919.) | 


135,910. The British Thomson-Houston Com: y. | 
Limited, London, and E. B. Wedmore, Golder’s Green. 
Alternating Electric Current Distribution Systems. | 
(1 Fig.) November 29, 1918,—The invention consists in employ- 
ment ft relays having the general characteristics of wattmeters, 
but so adjusted as to be inoperative on a current flowing in the 

{lot wire circuit due to capacity alone. Protective trans- 
ormers 1 are connected as usual in circuit, one at either end 
of the feeder 2, with one end of each coupled through a pilot 
wire 3, so that the transformers are normally in opposition, and 
the other end of each coupled through a return wire 4, which 
may be earthed as shown, Accotding to the invention, a relay 
constructed on the lines of a dynamometer having two windings, 
6 and 6, connected as ind in the d ,» is used. One 
of these windings 6, constituting a fleld coil, is connected in 
shunt to the protective transformers and furnished with an 


$ 














7 
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7. The other winding 5, constituting a 
mouns coll, is coupled in series with the pilot wire 3. So lon 

as the feeder is sound, the protective transformers act as potential 
transformers and apply a pene to the windings. The current 
in the field winding will be proportional to the applied potential, 
this winding being in direct shunt to the transformer. 
current in the other winding will be that due to the 





3 
external resistance 


The 
ity 


between the angles is provided for safety, the moving coil will 
show a tendency to move in one direction under normal conditions, 
butin the event of a leak in the main feeder resulting in diminution 
or reversal of the current in one of the two protective trans- 
formers, a correspondingly additional current will flow in the 
pilot wire circuit, this being an energy current. This additional 
current will reduce the lead of the current in the pilot wire circuit 
and result in reversal of the direction of motion of the moving 
coll, The moving coil is arran; to move so as to actuate a 
Set 1919) device on a | occurring. 

A ) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


136,088. F. H. De Veulle, . 
Carburettors. (3 we) May 6, 1919.—According to this 
invention, the screen and filter are of horseshoe or parti-circular 
shape, their axes are at right angles to the air flow, and they are 
ey concentrically with the throttle, or approximately so when 

latter is of sleeve form, This screen is made of sheet metal, 
and is without apertures opposite the actual air inlet, so that the 
air has to make a bend inside the screen as it enters the carburet: 
fa iis admitted through pe K into the chambe 

e m passage spra: r 
B. The mixture is under the control of a s! valve C 
and issues by the branch D to the CT whilst the air enters at E. 
The gauze is indicated at F, and the screen at G, both being of 


tor 


toad 


horseshoe shape and trically around the throttle 
chamber H. Preferably the gauze F is attached at its edges 
to a light framework, and the sheet metal screen is in two parts, 
an upper and a lower part G, G2, with flanges, the rounded corners 
of which engage and grip the frame of the gauze. The upper 
part G, in such a case, would be held in place by a nut or cap H2 
on the throttle chamber, when the throttle is of sleeve form. 
It will be seen that the screen G, G2, is formed with,apertures G3, 
80 positioned as to cause the air to take a curved path, as shown 
by the arrows. Thus, when any mixture is blown back from the 
carburettor, the fuel therein is deposited on the gauze lining of 
the screen by centrifugal action, and is giomee up by the air 
passing later. (Accepted December 17, 1919.) 


135,980. Palladium Autocars, Limited, Putney, and 
D. J. W. Baxter, Putney. Internal-Combustion Engines. 
(1 Pig.) December 18, 1918.—This invention relates to air- 
cooling systems for internal-combustion engines, particularly 
those of motor-propelled vehicles, in which the ¢ er of the 
engine is surrounded by a casing having an air-inlet aperture 
at or near the position occupied by the outer end or the com- 
bustion head of the Leys and an air outlet aperture at or near 
the position occupi 7 inner end of the cylinder, air being 
drawn through the casing by means of a fan driven from the 
engine. A is the engine crank-case and Al is one of its cylinders’ 
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B, Bare the casings surrounding the cylinders, each casing having 
an open end by which air can enter and a lateral aperture Bl by 
which the air can pass from the casing. C is a chamber with 
which the lateral aperture Bl of each casing communicates, 
and Cl is the flywheel which rotates in this chamber and acts as 
a fan for which purpose it is oe with vanes connecting 
the hub and rear portion to the rim and front portion. The 
bonnet D of the vehicle has louvres D1, Dl, which are made in 
the reverse direction from that which is customary when louvres 
are employed, so as to direct air towards the open ends of the 
casings B, B. The arrows in the drawing show ms OT id 
the course of the cooling air. (Accepted December 17, 1919.) 


135,735. J. Suckling, Birmingham, and B. Carter, 
Birmingham. Sparking Plugs. (3 Figs.) March 7, 1919.— 
This invention relates to sparking plugs of that ipe in which 
the insulator is removably held wit the metal y by means 
of a gland nut engaging a metal-as' packing washer upon 
the outer side of a collar upon the insulator, another king 
washer being interposed between the underside of the said collar 
one an internal seating within the metal body. That part of 

2 ¢ 





between the pilot wire and earth, and will .o be proportional 
to the applied potential, The current in the pilot wire circuit 
will be a leading current, leading by some amount less than 
90 deg., due to the resistance of the pilot wire circuit. The 
circuit, te peny the fleld winding, together with its external 
resistance, must have its power factor adjusted so that the angie 
of lag is at least as great as the angle obtained by subtracting 
the angle of lead in the pilot wire circuit from 90 deg. With 
this arrangement, and assuming a small margin of difference 





y 

a a collar c. To the lower end of this collar 
is ap an angle-sectioned sheet-metal packing washer d 
containing a ring of asbestos e¢ adapted to come against the 
underside of the collar c, the lower side of the washer bein 
engaged with a seating around the interior of the body b, whils 
the lateral portion encircles the outside of the collar ¢.. To the 
upper end of the latter is ap a cylindrical seenoed washer f, 
of two diameters, the er diameter encircling the ma: 
portion of the insulator and the la: diameter surrounding the 
collar ¢, whilst beneath the shoulder is a ring of asbestos g engaging 


the upper end of the collar. A giand nut screwed into the meta 
body engages the shoulder of the upper washer f and compresses! 
the asbestos of both washers when the s of the plug are 
assembled. According to the invention, the upper end of the 
lower washer d and the lower end of the upper washer f are closed 
or spun into a single groove j, or each into a separate groove, 


formed around the collar c of the insulator, thereby locking 
both washers tothe latter; but the width of the groove or grooves 
and the clearance between the washers is such as to allow of a 
certain amount of free play or movement of the turned-in edges 
of the washers in an axial direction; in order to permit of the 
compression of the asbestos when the plug is assembled. (Accepted 
December 10, 1919.) 


STEAM ENGINES, PRODUCERS, HOLDERS, &c. 


135,607. D. Cock! id, neaw Glasgow, and 
D. MacNicoll, id, near Glasgow. ernors. 
(1 Pig.) November 28, 1918.—This invention relates to an 
emergency cut-off governor device for turbines and other rotary 
machinery. A device according to the invention eomprises a 
trigger or latch adapted to be released when the governor exceeds 
a predetermined speed, said trigger en | normally arranged to 
detain a lever acted on by a spring constituting a — storage 
device, and serving when rocked by the spring impart an 
impulse to the actuating element of a fluid transmission system, 
whereby to operate fore 

cut-off device. 1 denotes a 





e the control lever of an emergency 
it adapted to be protruded under 
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the action of centrifugal force in opposition to aspring2. In the 
th of the bolt when protruded to its outermost ition is a 
rigger 3 normally se g to detain a lever 4, of which one end 
is acted on by a spring 5 under compression and the other end 
of which is operatively connected to a plunger 6 movable in a 
cylinder 7, the outlet 8 of which may be connected by ping te an 
emergency controlling device. It will be enlecuoed hat when 
the bolt is protruded on attainment of excessive speed the 
trigger 3 will be disengaged from the lever 4 which will thereupon 
be rocked by the spring and impart an impulse to the plunger 6, 
whereby to ring into operation the emergency controlling device 
( Accepted 10, 1919.) 


MISCELLANEOUS. 


136,107. The Firm of Melville Dundas and Whitson, 
Glasgow, and C. Goodwin, Glasgow. Reinforced Concrete 
Pipes. (2 Figs.) June 5, 1919.—This invention relates to an 
improved joint for reinforced concrete pipes in which the pipes to 
be jointed are sleeved by a reinforced collar cast with its axis 
substantially vertical, the collar being spaced from the outer 
face of the pipes, and the space between the collar and the pipes 
being fitted with grouting. 1, 14 denote inner co-axial pipes 


























(136.107) 








disposed in end-to-end abutting relation and embraced by outer 

pipes 2, 2a, between the adjacent ends of which is presented 

=. undercut annular — eee — be 
ween the pipes 1, la, an e pipes 2, a 

sheet steel. 5 denotes the reinf: d collar which, as aforesaid, 

is cast with its axis vertical. The annular space between the 








collar 5 and the pipes 2, 2a, is filled with grouting 6. (A 
December 17, 1919.) 





